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‘The principle lesson perhaps being that, while it is all too easy for me to 
carp on about what is wrong with the Passivhaus standard, or why it is not 
quite the dog’s bollocks (try translating that!), they have built loads of 
them. And the more they build, the less theoretical it becomes and the more 
practical it appears. Whereas we may be full of good intentions, the Germans  
(and the Austrians, who seem to be even more enamoured of Passivhaus than 
the Germans) have now built around 6,000’ 
(Brinkley, 2007) 
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Abstract 
  
In 2006 the UK government announced policy intentions and introduced  associated 
building design standards and up-dated Building Regulations for all new housing to be ‘zero 
carbon’ by 2016 and all new non-domestic buildings to be ‘zero carbon’ by 2019. Since this 
time the UK build standard for ‘zero carbon’ compliance for housing is the Code for 
Sustainable Homes (CSH) and the pre-existing, but evolving, Building Research 
Establishment Environmental Assessment Method (BREEAM) is the standard for non-
domestic buildings.  
These standards have been developed by the UK government in conjunction with BRE and 
other industry consultants to allow building designers to introduce incremental changes to 
the energy design performance of their buildings. These include for the use of higher levels 
of insulation (leading towards super insulated fabric design), the use of on-site renewable 
energy technologies and eventually ‘allowable’ off-site low energy and renewable energy 
technology solutions to achieve ‘zero carbon’ buildings.  
Since the introduction of these policy intentions and standards, the UK building design and 
construction industry has debated both their validity and the actual definition of ‘zero 
carbon’, with some believing that a ‘fabric first’ approach to housing and building design 
using standards such as the German Passivhaus to be a more effective and simpler way to 
deliver ‘zero carbon’ new buildings in the UK. 
Despite the fact that many of the technologies leading to the development of the first 
super-insulated house designs and eventually the Passivhaus standard originated in the 
USA and UK, (culminating in the construction of a number of exemplar super-insulated 
homes in these countries from the 1970’s), the Passivhaus standard is currently less well 
known, accepted or understood in the UK than in Norhern Europe. The technology is 
however beginning to gain credence with a small but growing number of early adopters in 
the UK.  
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With a focus on these early Passivhaus adopters, this thesis seeks to identify barriers to the 
uptake of the Passivhaus standard at the time of this research. The research has been 
conducted using social science mixed methods research, including for the use of the 
psychometric assessment tool Q-methodology to assess the opinions of early Passivhaus 
adopters. 
The broad conclusions from this research are that barriers are cultural and linked to both 
social and technological constraints.  These include for understanding of and installation of 
Mechanical Ventilation with Heat Recovery (MVHR), which is a technology intrinsic to the 
Passivhaus standard, but also levels of construction industry skills training and education 
and existing legislation and processes in the UK. 
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Synopsis 
 
The Passivhaus low energy building design standard was developed in Germany in the early 
1990s. Many believe it to be the world’s leading standard for energy efficient building 
design. It calls for buildings to be constructed with high levels of building fabric performance 
inclusive of super insulation, low levels of air-permeability, no thermal bridges, passive solar 
design principles, high performance windows and mechanical ventilation with heat recovery 
(MVHR).  
Since its development, many thousands of Passivhaus buildings have been constructed 
around the world, the majority of these are in European German speaking countries, but 
innovators are beginning to work with the standard in the UK.  
Test results from buildings constructed to the Passivhaus standard in a number of countries 
have led many to conclude that the standard represents a model for the basis of the UK 
government’s current ‘zero carbon’ building targets. This is due to the fact that these tests 
have consistently shown that Passivhaus buildings have the potential to reduce overall 
energy use (and therefore CO2 emissions) for heating and cooling loads by up to 80% in 
comparison with buildings constructed to recent building regulations.  The aim of this 
research has been to try and understand some of the context, barriers and opportunities 
surrounding the emergence of the Passivhaus standard in the UK. This has been through the 
use of a mixed methods approach to research combining case studies from early Passivhaus 
developments in the UK and Germany and the analysis of opinions from a large proportion 
of a small group of early UK Passivhaus innovators using the psychometric assessment 
technique Q-methodology.  
The number of UK case studies used and the number of respondents taking part in this 
research reflects the small number of Passivhaus developments and Passivhaus innovators 
at the time of this research. This analysis has aimed to produce a ‘snap-shot’ review of 
current early innovator opinion, and Passivhaus culture in the UK.  
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Contribution to Research 
 
This research aims to contribute to existing research by helping to provide the following - 
 A record of innovator opinion surrounding the early stages of the development of the 
Passivhaus standard in the UK. 
 A record of the early context surrounding the development of Passivhaus standard in the 
UK. 
 An understanding of some of the barriers and opportunities relating to the early 
development of the Passivhaus standard in the UK.  
 An indicative understanding of why the first accredited Passivhaus in the UK was only 
eventually constructed more than 10 years after the initial 1997 UK CEPHEUS research 
proposal, and over 30 years since the construction of a number of early super insulated 
buildings in the UK. 
 A contribution to the understanding of the evolution of low energy building design in the 
UK. 
 A potential influence on future policy relating to low energy building design and 
planning in the UK. 
 The use of Q-methodology as part of a mixed methods research strategy for the 
examination of early stage innovation linked to the built environment and low energy 
building design. 
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Introduction 
 
 
Researcher Values 
 
Having worked in building design consultancy in different roles in both the UK and Germany, 
I have witnessed two different cultural approaches to the work and legislative environments 
surrounding building design and construction and building design education in these two 
countries. This has led me to question some current UK practices and processes and policy 
surrounding the delivery of the built environment and specifically the delivery of low and 
‘zero carbon’ buildings.  
Post 2000 and specifically post 2002, the UK has been on a trajectory to implement 
legislation and design guidance aimed at the development of low and ‘zero carbon’ 
buildings. Since 2006 this has included for a staggered introduction of new iterations to the 
Building Regulations Part L – The Conservation of Fuel and Power and Part F – Ventilation. 
Also since 2006 this has included for the introduction of the Code for Sustainable Homes 
(CSH). Both the introduction of new building regulations and the CSH have been designed 
for the eventual delivery of ‘zero carbon’ buildings, with the intention that all new housing 
should be designed to be ‘zero carbon’ by 2016 and all new non-domestic buildings be 
designed to be ‘zero carbon’ in 2019. This agenda has involved sweeping changes to building 
design methodologies including the introduction of carbon as a metric in the determination 
of building design since 2006. 
After having worked with this new UK legislation and design codes on a number of built 
environment projects and having written an MSc thesis in 2006 titled ‘Is Biomass the Answer 
to PPS22 (Planning Policy Statement 22) in London?’, which critiqued the use of biomass in 
London to achieve planning and legislatory targets for CO2 emissions reductions from 
buildings, I began to believe that there may be better and simpler ways to achieve ‘zero 
carbon’ buildings than was/is currently being prescribed in the UK planning and legislatory 
frameworks.  
My experience of working in Germany and contacts with architects in the UK involved with 
the design of very low energy buildings had made me aware of the German low energy 
building design standard Passivhaus. The Passivhaus standard seemed to offer a tried and 
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tested and efficient solution for the delivery of very low and potentially ‘zero carbon’ 
buildings. In conjunction with this the standard was specifically developed to provide a 
generic solution for very low energy homes for the EU (European Union). At the time of the 
start of this research however, the Passivhaus standard appeared to be virtually unknown in 
the UK, with no finished accredited examples to examine, despite several early examples of 
very low energy super insulated buildings having been built in the UK since the 1970s. 
Taking this into consideration, I set out to try and examine what the barriers to the uptake 
of the Passivhaus standard in the UK might be through examination of the opinions of early 
Passivhaus stakeholders and review of early case studies. 
Although the German low energy building design standard Passivhaus was originally 
developed in Darmstadt, Germany at the beginning  of the 1990’s, it has a history  in the 
evolution of super insulated building design which spans approximately seventy years and 
extends across continental and national boundaries from the USA and Canada to the UK and 
Scandinavia. Speculation may tell us that the reason the development of super insulated  
building design has progressed further in German speaking countries is linked to historical 
context and concerns surrounding availability of  indigenous natural fossil fuel resources 
compared for example to the UK, but also to increasing concerns raised by environmentally 
conscious elements of government.  It may also be linked to potentially greater values that 
are placed on skills training and education than in the UK and governance that is arguably 
more consistent than in the UK. 
 
Despite the fact that the majority of buildings designed to the Passivhaus standard are 
currently located in European German speaking countries, the standard is beginning to gain 
acceptance with a small group of innovators in the UK.  
 
Through examination of the opinions from a large contingent of this innovation group 
together with a review of recent UK Passivhaus case studies and early German Passivhaus 
case studies, this thesis argues that the main barriers to the uptake of the Passivhaus 
standard in the UK are diverse but rooted in current UK construction culture, or learned 
specific behaviour. The identification of barriers has also enabled some potential 
opportunities to be identified for Passivhaus development in the UK. 
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Research Context 
 
The aim of this research has been to examine the opinions of a small stakeholder group 
involved in the design of Passivhaus buildings in the UK and compare these to the findings 
with examination of early UK and German case studies of completed Passivhaus projects. 
 
Given the small group of stakeholders involved with the design of Passivhaus projects in the 
UK and the small number of completed Passivhaus projects at the time of this research, it 
was decided to place this research within the context of qualitative research methodologies 
that allow for the examination of small group opinion and case studies. Case studies 
according to Flyvberg (Flyvberg, 2006) also offer the researcher a unique experience to gain 
expertise and diverse knowledge about a specific subject or subject area. 
 
Since this research partly involves a review of stakeholder opinions, (which are prone to 
change), together with the fact that the process in itself has been one of trial and error, it 
can be termed heuristic. This means that part of this research has a basis in the personal 
perceptions of a group of individuals which may be biased in a particular direction, in this 
case, according to respondent belief or disbelief in the advantages of the Passivhaus 
standard/technology.   
 
The research also exists within the context of Feminist and Constructivist philosophical 
perspectives which believe it is impossible to conduct research in an entirely ‘value-free’ or 
objective manner. This means that the researcher’s values will have had some impact upon 
the research processes and interpretation of results as a matter of default. For this reason 
the research has been conducted in two main strands, the first is the review of the opinion 
of relevant respondents using Q-methodology and the second is the review of case studies 
which provide evidence from completed early Passivhaus developments in the UK and 
Germany. The two strands of research allow the respondent opinions to be compared or 
triangulated against the findings from the case studies, thus providing more balanced final 
conclusions. 
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The research also includes for a literature review chapter that focuses on innovation 
development theory and a chapter outlining a brief history of the development of super 
insulated buildings and the Passivhaus standard. The aim of these has been to provide a 
broader context within which the development of the Passivhaus standard in the UK can be 
understood.  
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Innovation 
‘Commit your blunders on a small scale and make your profits on a large scale’  
 (Baekeland, 1916) 
 
The Development of Innovation 
 
The aim of this chapter is to present some of the theories, processes, and themes that 
frequently surround the development of innovations. Thus providing a context within which 
to help describe and discuss the development of the Passivhaus standard as an innovation in 
the UK. 
 
The evolution and development of any new technology or innovation sits within an existing 
context or the prevailing ‘techno-economic paradigm’ (Guy and Shove, 2000) this consists of 
– 
‘The whole complex of scientific knowledge, engineering practices, production 
process technologies, product characteristics, skills and procedures, established user 
needs, regulatory requirements, institutions and infrastructures’  
(Hoogma et al., 2002) 
This is the case when looking at the emergence of the Passivhaus standard in the UK today. 
The process by which an innovation or social change moves from inception through to 
production and full market or social acceptance is contingent on many external factors and 
does not necessarily follow a linear path. Its progression not only depends upon the quality 
of the innovation or idea but upon the social, technological and economic context into 
which it is presented or the incumbent culture. 
According to Clyde Kluckhohn in his ‘Mirror for Man’ (Kluckhohn, 1949) as cited in ‘The 
Interpretation of Cultures’ by Clifford Geertz (Geertz, 1973), culture can be defined in a 
number of ways as follows – 
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 ‘ The total way of life of a people 
 The social legacy the individual acquires from his group 
 A way of thinking, feeling and believing 
 An abstraction from behaviour 
 A theory on the part of the anthropologist about the way in which a group of 
people in fact behave 
 A storehouse of pooled learning 
 A set of standardised orientations to recurrent problems 
 Learned behaviour 
 A mechanism for the normative regulation of behaviour 
 A set of techniques for adjusting both to the external environment and other 
men 
 A precipitate of history 
And turning perhaps in desperation, to similes, as a map, as a sieve, and as a matrix’ 
(Kluckhohn, 1949) 
Culture is however often generally defined as acquired group specific behaviour that by 
nature of being acquired can change or be changed through internal or external stimulus. It 
is this broader definition of culture that is used in this thesis. As is the case with the theory 
for the biological processes of evolution that were first formulated by Charles Darwin and 
later studied in the work of the biologist Richard Dawkins, an innovation or idea develops 
within the context of a particular environment or culture but can only flourish if it continues 
to be supported by this environment or is able to successfully adapt to changes in that 
environment or culture.  
In the same way as with the evolution of an organism, it is possible for an innovation or idea 
to thrive, become ‘extinct’ or become completely forgotten or to mutate. An idea may also 
evolve in more than one place at a time, and the progression of that idea may move 
backwards as well as forwards. 
In his book from 1976, ‘The Selfish Gene’, Richard Dawkins describes the process of 
replication of ideas within a cultural context by using the term ‘Mimeme’ which he then 
abbreviates to ‘meme’ to describe ‘a unit of imitation’ (Dawkins, 1989). He believes that a 
meme behaves in a similar way to a gene in terms of replication. He describes a meme as 
follows -  
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‘Examples of memes are tunes, ideas, catch-phrases, clothes fashions, ways of 
making pots or of building arches. Just as genes propagate themselves in the gene 
pool by leaping from body to body via sperms or eggs, so memes propagate 
themselves in the meme pool by leaping from brain via a process which, in the broad 
sense, can be called imitation’ (Dawkins, 1989) 
The process by which an idea is replicated or transmitted within a cultural context depends 
upon the idea taking root or gaining acceptance. This acceptance starts with the individual 
but moves to others and a wider cultural context through the development of supportive 
structures, such as technologies, social bodies and communication mechanisms or entire 
‘sociotechnical ensembles’ (Bijker, 1997). 
In his book ‘Of Bicycles, Bakerlites, and Bulbs: Towards a Theory of Sociotechnical Change’ 
Wiebe E. Bijker argues that the development of an innovation or technology is a ‘social 
rather than a psychological process’ (Bijker, 1997) with the success of individual ingenuity 
only being supported by receptive systemic constructs. Taking this theory into consideration 
he believes that an innovator, designer or engineer must work with social, economic and 
political systems to achieve success - 
‘Another way of expressing this idea is to recognise that a successful engineer is not 
purely a technical wizard, but an economic, political and social one as well. A good 
technologist is typically a ‘heterogeneous engineer.’ (Law, 1987) 
Using examples of the bicycle and the ‘daylight’ fluorescent lamp, Bijker demonstrates that 
an innovation may evolve through the work of different inventors and over long periods of 
time. He also shows that it may develop across national and/or cultural boundaries. For 
example the first concept idea for a bicycle is often attributed to Leonardo da Vinci but its 
development into the bicycle version that we understand today has progressed from 
Germany to France and eventually to the United States and finally to England, where its 
evolution stabilised with a particular bicycle permutation rising to prominence – the ‘Safety 
Bicycle’ (Bijker, 1997). At this stage it could be said that the development of this technology 
reached a state of ‘Closure’ and ‘Stabilisation’ (Bijker, 1997) or as Bijker describes it –  
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‘Closure, in the analysis of technology, means that the interpretive flexibility of the 
artefact diminishes. Consensus among different relevant social groups about the 
dominant meaning of an artefact emerges and the ‘pluralism of artefacts’ decreases.’ 
(Bijker, 1997)  
The history or the bicycle presented by Bijker also shows how, at times, the development of 
this innovation was obstructed because it was seen as a threat to existing livelihoods by 
some vets and blacksmiths who reacted by smashing early bicycles and working to prohibit 
its further development. Woodfoode describes this in the quotation below. 
‘Moreover, blacksmiths and veterinarians saw a direct economic threat in the vehicle. 
Blacksmiths are reported to have smashed hobbyhorses (early bicycles) that passed 
through their villages. This horse, they pointed out, required no shoeing’ 
(Woodfoode, 1970) 
This type of scenario is also demonstrated in the story of the development of the ‘daylight’ 
fluorescent lamp. Here Bijker describes how the vested interests of those representing 
existing competing technologies worked to slow the progression of this technology in the 
market. For example after the introduction of daylight fluorescent lamps in the 1930s, many 
US utility companies became concerned that the high efficiency of these lamps would 
impact upon their businesses and their sales of electricity.   
‘The utilities started to fear that the high efficiency of the fluorescent lamp might 
reduce their electricity sales. As the utility executive Carl Bremicker of the Northern 
States Power Company said about his utility employees ‘’they had better get their 
white wing suits ready because very shortly General Electric and Westinghouse would 
have them out cleaning streets instead of selling lighting’’ An internal Westinghouse 
memorandum lends support to the utilities’ worries. It concluded that ‘the average 
utility lighting man sees in the rise of fluorescence a decrease in his relative 
importance.’  (Bijker, 1997) 
To combat this apparent threat to their businesses, various utility companies developed 
elaborate arguments and strategies to counter the claims of efficiency presented by the 
fluorescent lamp manufacturers. They argued that evidence did not exist to support the 
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lamp manufacturer’s claims. They also attempted to discredit or mislead customers about 
the true nature and properties of the fluorescent lamp - 
‘Long and detailed arguments were given that the high-efficiency daylight 
fluorescent lamp really did not exist, but that it was mistaken for the fluorescent tint-
lighting lamp, which indeed was a valuable new lighting tool, but only for limited 
purposes.’ (Bijker, 1997) 
In the same way that the bicycle and daylight lamp reached final closure and stabilisation in 
one place, it can be argued that the development of the super insulated building is 
progressing towards closure and stabilisation with the Passivhaus standard in Germany. This 
is since the development of CEPHEUS (Cost Efficient Passive Houses as European Standards) 
programme at the beginning of the 2000’s, which is further described in the brief history of 
Passivhaus outlined in the following chapter. 
 
Innovation Diffusion and Communication 
 
Not only is the successful development of an innovation linked to cultural context it is also 
intrinsically linked to the processes and communication methods by which it diffuses or is 
disseminated. In his much cited work ‘The Diffusion of Innovations’ Everett M. Rogers uses 
case studies to demonstrate his theories surrounding the development and uptake of 
innovations. He sets out parameters which have now come to demonstrate how we 
generally understand the development or progression of innovations under typical or 
‘normal’ circumstances.  
Rogers defines four key parameters in the innovation process as follows - 
 The Innovation  
 This is the -  
‘idea, practice or object that is perceived as new to the individual or other unit of 
adoption’ (Rogers, 2003) 
It can be a technology or take the form of information or an ideology, or in the case of 
Passivhaus, a building design standard. Rogers stresses that an innovation is not just one 
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idea or object but a combination of innovations which surround a core innovation, and it is 
the definition of the boundaries around this core and the other closely interrelated 
innovations and technologies which form a ‘technology cluster’ (Rogers, 2003). A technology 
cluster is defined as the component parts that make up the innovation as a whole. For 
example in the case of the bicycle cited by Bijker, this cluster would include innovations of 
pneumatic tyres, gears, brakes etc., but also social acceptance of bicycle riding, all of which 
would have to be combined to form a supply chain system surrounding and making up the 
core innovation.  
In the case of the Passivhaus standard this technology cluster would include components 
such as the design software PHPP (the Passivhaus Planning Package), high performance 
windows, high efficiency MVHR (Mechanical Ventilation with Heat Recovery) units, other 
relevant building construction components (such as tapes and membranes), but also the 
people with the appropriate skills to design and construct Passivhaus buildings and those 
who want to live and work in Passivhaus buildings. 
Rogers cites the ‘Characteristics’ (Rogers, 2003) of an innovation that make it compatible 
with social values as of key importance. These characteristics should ideally offer a relative 
advantage to adopters if the innovation is to become successful and thrive. In the case of 
the development of the Passivhaus standard in the UK, its potential for acceptance within 
existing and ‘normal’ social frameworks, together with the perceived advantages for 
adopters are both relevant considerations when considering its potential evolution. 
The overall ‘complexity’ of the innovation is also considered important by Rogers as is its 
‘trialability’ and ‘observability’ so that it can be judged compatible with specific markets and 
tested for performance in relation to particular circumstances. Taking these factors into 
consideration, if the Passivhaus standard is to successfully develop in the UK it needs to be 
proven viable to build, suitable for occupants to live in and desirable for customers. 
 Communication Channels  
The connective communication networks or channels that surround an innovation are 
considered by Rogers as key elements to its success. These are defined by Rogers as being – 
‘the process by which participants create and share information with each other in 
order to reach a mutual understanding’ (Rogers, 2003)  
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They are the methods by which a message or messages are delivered from one individual or 
group to another. These channels include individual communication mechanisms such as 
word of mouth but also for social networking modes of communication and mass media 
channels such as TV, radio, journals and newspapers etc.  
Rogers indicates that previous diffusion research has shown that most individuals do not 
judge a new innovation based primarily on its scientific merits but on subjective views which 
are communicated most strongly through members of their social peer group, with these 
social peers usually being homophilious or very similar people. For example, to date, the 
German Passivhaus standard has developed most widely in Germany, Austria and 
Switzerland which share the German language and many similar cultural attributes, thus 
helping to support the theory that dissemination may progress more easily across more 
homophilious cultures, or those with similar values. It is however argued that it is not just 
cultural values that are important when understanding the dissemination of an innovation 
but the psyche of individuals forming component parts of a group or community, with those 
who are most innovative being most able and willing to adopt innovations at the early 
stages of development. According to Geoffrey A. Moore, as described in his book ‘Crossing 
the Chasm’ (Moore, 2007) progression of an innovation beyond the most innovative 
members of a community requires a market strategy, and the definition of boundaries for 
dissemination or it may not succeed. This is achieved by isolating and focusing on a specific 
target market or segment to achieve success, with an understanding that different market 
segments or sectors have different characteristics. 
 Time  
In the same way that Moore argues that the success of innovation dissemination requires 
the definition of a specific market sector and the targeting of this sector, Rogers argues that 
time boundaries for the dissemination of an innovation must also be defined. Rogers 
believes that time is a key consideration when understanding the dissemination of an 
innovation, since without an understanding of time-frame boundaries surrounding the 
intention to communicate or promote an idea for adoption then a diffusion process can 
theoretically be endless.  
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In the case of the evolution of the Passivhaus standard, it can be argued that the 
development of the CEPHEUS programme which operated within specific structured 
boundaries and a time-frame contributed to the final development of the Passivhaus 
standard by providing set parameters and a deadline or endpoint for its development. 
A good understanding of time-frame can also provide a perspective when assessing the 
length of time it takes for individuals to realistically encounter or first hear about an idea 
through to them actually adopting it, this would be of particular relevance to those seeking 
to manage an innovation process. 
Rogers characterises the different ‘time’ phases that an individual takes to adopt an 
innovation into five separate stages –  
‘knowledge’, ‘persuasion’, ‘decision’, ‘implementation’, and ‘confirmation’. (Rogers, 
2003) 
Where ‘knowledge’ is the stage when an individual first learns about an innovation, 
‘persuasion’ being when an individual forms a favourable or unfavourable opinion about it, 
decision being when the individual either decides to adopt it or not to adopt it, 
‘implementation’ being when an individual puts the innovation to use and ‘confirmation’ 
being when an individual seeks final support or reinforcement from their peer group as to 
whether to finally support and adopt that innovation.  
The time component relating to the adoption of an innovation can vary according to the 
type of innovation. Often adoption rate can be described using a Gaussian curve of ‘normal’ 
distribution with the rate of adoption shown rising and diminishing over time.  
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Figure 1 - The Gaussian Curve - Normal Distribution 
 
 
 
 
 
 
 
 
The steepness of this Gaussian curve can however vary dramatically if an innovation is 
perceived as being more advantageous to adopters or if it is supported by specific socio-
political constructs such as mandatory regulations.  
Since 2007 the Passivhaus standard has been adopted as a building standard in Frankfurt for 
specific developments –  
‘Erst aufgrund unseres Erfolges hat die Stadt Frankfurt beschlossen, dass 1, städtishe 
Grundstücke mit der Auflage verkauft werden, dass der investor dort Passivhäuser 
errichten muss, und 2, dass bei Bauvorhaben der Stadt Frankfurt wie Kindergärten, 
Schulen, Bürogebäuden etc., diese in Passivhaustechnologie zu realisieren sind’. 
(Laible, 2010a) 
My translation into English is as follows -  
‘First because of our success the city of Frankfurt has decided that 1, that investors 
must build to the Passivhaus standard on public land that is sold off 2, that the city of 
Frankfurt must build kindergartens, schools and office buildings using the Passivhaus 
technology.’  
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 This has led to a dramatic rise in the number of new Passivhaus buildings constructed in 
Frankfurt since the first project of 19 flats was completed there in 2003 with the St.Jakob’s 
development in Grempstraβe. This is used as a case study in this thesis. 
Franz Junker who is the Director of ABG Frankfurt Holding GmbH estimated in an interview 
with Passivhaus Kompendium magazine  in 2010 that there is a minimum of 100, 000 m2 of 
Passivhaus dwellings in Frankfurt and that there are plans to build between 500-600 flats 
per year over the next few years.  
‘Wir haben ein groβes Investitionsvolumen vor uns und bauen in den nächsten Jahren 
järhlich rund 500-600 Wohnungen und diese natürlich alle in Passivhaustechnologie’ 
(Laible, 2010a) 
My translation of this into English is as follows -  
‘We have a large volume of investment in front of us and in the coming years will 
annually build around 500-600 flats, naturally all of these using Passivhaus 
technology’. 
It can however be argued that a policy decision alone is not enough to stimulate an 
innovation’s success, with the overall socio-political context also being of vital importance. 
When considering the cultural infrastructure that surrounds the development of an 
innovation Speirs et al argue in their paper ‘Adapting Innovation Systems Indicators to 
assess Eco-Innovation’ (Speirs et al., 2008a), that there are three key factors which form the 
main component parts of a successful innovation structure, all of which must function 
coherently for the system to work. These components are; ‘the Firm’ (or organisation 
developing the innovation and including the innovation), ‘the Conditions’ (which are the 
context surrounding the development of an innovation) and ‘the Linkages’ or 
communication framework within which it exists. These components must in turn sit within 
a specific socio-political environment that includes –  
‘The basic educational system, this being responsible for the general level of 
education throughout the workforce; 
The communication infrastructure, roads, audio and data communications; 
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Financial institutions, determining the access to finances including venture capital; 
Legislative and macro-economic settings, including patent law, taxation, corporate 
governance rules and trade policy; 
Market accessibility, including possibilities for the establishment of close relations 
with customers, market size and ease of access and; 
Industry structure and the competitive environment, including the existence of 
supplier firms in complementary industry sectors’(Speirs et al., 2008a) 
Speirs et al consider that all the above list of elements, which form a culture, are vitally 
important for the success of an innovation and to support innovation in general. If an 
innovation cannot function within the above systems or is not supported by them it will 
potentially be suppressed and may fail. It is also relevant to note that Speirs et al see these 
elements working together as part of a non-linear system of integrated parts, or an holistic 
whole with each element also acting as a separate micro-cosmic system working to support 
the entire cultural matrix. 
When considering the first element in the framework described by Speirs et al, the research 
work of Linda Clarke and Georg Herrmann describes the different nature of construction 
industry skills cultures in the UK and Germany. This is presented in their paper ‘Divergent 
Divisions of Construction Labour – Britain and Germany ’ (Clarke and Herrmann, 2007). They 
conclude that there are substantial institutional, structural and skills levels differences 
between the UK and Germany, with Germany having better integrated systems and 
generally higher levels of construction skills than in the UK.  
‘One important explanation is the institutional framework governing construction of 
skills in Britain, is so extremely different from that found in Germany’ (Clarke and 
Herrmann, 2004) 
 It is possible that the comparatively better integrated and more highly skilled construction 
industry in Germany has recently better supported the development of the Passivhaus 
standard in that country rather than in the UK. This is because Passivhaus designs are 
considered to require a greater attention to design and construction detail than is usually 
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associated with the delivery of standard buildings in the UK.  There are currently tens of 
thousands of Passivhaus buildings in Germany as opposed to only about twenty-four 
accredited examples in the UK as of the beginning of 2012 (Passivhausprojekte, 2012). 
The results of testing from the first pilot Passivhaus project at Kranichstein and the testing 
of the CEPHEUS project show that achieving the Passivhaus standard is reliant on the 
availability of high performance components, co-ordinated design and construction skills 
and good levels of quality assurance (Feist, 2006).  
According to ‘Passive House Solutions’ (IEE, 2006) a report produced by Intelligent Energy 
Europe, dated May 2006, the major barriers to the uptake of the Passivhaus standard in the 
UK are seen to be the current build quality of housing and the competence of UK labour, 
which may work to prevent the high level of construction detailing required for Passivhaus 
air-tightness performance being delivered. The absence of a similar construction industry 
culture to that in Germany, as described by Clarke and Herrmann, may work to act as a 
barrier to the wider development of the Passivhaus standard in the UK.  
 
In his presentation titled ‘Passivhaus in the UK: Challenges of the Emerging 
Market’(Hodgson, 2008) which was presented at the 12th Annual Passivhaus conference in 
Nuremberg, Germany in April 2008, Gavin Hodgson who formerly represented the 
Passivhaus Standard in the UK at BRE (Building Research Establishment), outlined several 
barriers that he considered were affecting the uptake of the Passivhaus Standard in the UK, 
these included the following –  
 A lack of understanding of the Passivhaus Standard in the UK 
 Reluctance to accept ‘unproven’ concepts 
 General unavailability of components and secure supply chains together with an 
immature market for components 
 A lack of financial incentives 
 Cost 
 Lack of skills in both design and construction 
 UK working methods 
 UK procurement systems 
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 Lack of cohesion of legislation and regulation 
 Perception 
 Little understanding of a foreign (German) language product  
 Climate specifics 
In the report ‘A Low Carbon Building Standards Strategy for Scotland – Report of a Panel 
Appointed by Scottish Ministers, chaired by Lynne Sullivan 2007’ (SBSA, 2007) a select panel 
reviewed the potential for the Passivhaus Standard to be incorporated as part of the 
solution to meet ‘zero carbon’ building targets in Scotland and to –  
 
‘’... progressively deliver carbon dioxide emission savings from buildings, with an 
ultimate aspiration of ‘total life’ zero carbon buildings by 2030’ (SBSA, 2007) 
 
Key recommendations from this report were that buildings in Scotland should be designed 
to be ‘net zero carbon’ (SBSA, 2007) by 2016/2017 and that the Passivhaus standard should 
be examined in terms of occupancy behaviour and comfort as a solution to meeting these 
aspirations. This was combined with the recommendation that there should be an 
examination of the implication for the use of specific technologies required to achieve -  
 
‘...net zero carbon buildings (i.e. space, water heating, lighting and ventilation) by 
2016/2017 if practical’ 
 
 and –  
 
‘...consideration of ‘Passivhaus’ performance and its effect on occupant behaviour 
and comfort’  
and an –  
 
‘... examination of the building regulations and associated guidance with respect to 
low carbon equipment, including consideration of the design of buildings for future 
installation of certain technologies’ (SBSA, 2007). 
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One specific finding of this report that relates to the potential that Passivhaus has to meet 
the UK’s ‘zero carbon’ building design standards is the opinion of Rainer Mikultis from the 
Austrian Institute of Construction and Engineering, who advised the panel that –  
 
  ‘you could not impose ‘Passivhaus’ living habits on home owners and occupiers’  
 
due to the fact that - 
 
‘to realise the enhanced energy performance and to avoid mould growth from 
condensation, the occupants must be prepared to adjust their life style to rely solely 
on mechanical ventilation with heat recovery (MVHR) including frequent changes of 
filters and the associated running costs’ (SBSA, 2007). 
 
No expanded reasons for the above were given in the report, but it can be assumed that an 
‘adjusted lifestyle’ would require adherence to the fact that MVHR units need to be kept 
running during the heating season to maintain comfort, indoor air-quality and humidity 
levels if windows are not opened, but also that MVHR units require maintenance and filters 
to be changed at regular intervals to maintain good indoor air-quality. 
 
When reviewing the broader picture and comparing UK and German sustainable housing, in 
his paper ‘Low Energy and Sustainable Housing in the UK and Germany’ (Morbitzer, 2008), 
Christoph Morbitzer argues that the cultural focus on attention to detail have been of vital 
importance in the development of the Passivhaus standard in Germany.  
 
 ‘Still, this ‘attention to detail’ observed in the German building sector was also a key 
requirement for the development of the Passivhaus. The technical skills and the 
ability to deliver high quality construction components are also vital for the successful 
application of the design concept.’ (Morbitzer, 2008) 
Morbitzer however then goes on to argue that he believes it is the UK culture of holistic 
thinking which has led to the development and wide dissemination of building design 
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standards such as BREEAM (Building Research Establishment Environmental Assessment 
Method) that has been a cultural strength in the UK over the past decades. 
‘The Passivhaus applies a design approach where form, fabric and services systems 
are all designed to work in harmony and support each other towards the goal of 
achieving a design with low energy consumption. But actually such ‘holistic’ thinking 
has over the last two or three decades been a strength of the UK, rather than 
Germany.’ (Morbitzer, 2008) 
Case studies in the following chapters show examples of early UK Passivhaus developments 
which have employed the UK design codes BREEAM and the CSH standards alongside that of 
the Passivhaus standard. Thus potentially indicating areas where the two different cultures 
described by Morbitzer could work together to advantage.  
 
A Social System of Diffusion 
  
Just as Speirs et al propose that successful innovations develop through the support of and 
as part of integrated evolutionary systems, Everett M. Rogers argues that innovation 
development is reliant on functional social systems for diffusion. 
 Rogers defines the ‘social system’ as  
‘a set of interrelated units that are engaged in joint problem-solving to accomplish a 
common goal’ (Rogers, 2003).  
These units could be various different groups linked by social structures and would include 
specific individuals such as leaders and ‘change agents’ who act to promote or communicate 
ideas within this context. The structures linking the groups within the system may vary in 
complexity and effectiveness according to context, but in all systems the roles of the leaders 
or ‘change agents’ are important catalysts for dissemination. Typically change agents are 
people who are more innovative, better educated and have more channels of 
communication available to them than the rest of a community. 
The actual process of dissemination of an innovation is also linked to the categories of 
people who may adopt it at various stages of its development. In his ‘Adopter 
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Categorisation’ curve, Rogers shows us the different categories of people who may typically 
adopt at different phases of its evolution. 
The graph below presents a curve which is divided into five sections representing adopter 
groups in relation to their innovativeness –  
 
 
 
 
 
 
 
Figure 2 - The Different Phases of Adoption 
 
‘Innovators’ who occupy 2.5% of the individuals are shown to adopt an innovation at its 
earliest phase of development, followed by ‘Early Adopters’ who represent a further 13.5% 
of the individuals, the ‘Early Majority ‘representing the next 34%, the ‘Late majority’ 
representing a further 34% followed by the ‘Laggards’ who represent the remaining 16% of 
a populace. 
The names used to describe the particular groups are probably self-explanatory since they 
distinguish the different groups according to their degree of innovativeness, with the 
‘Innovators’ and ‘Early Adopters’ being the most innovative, but taking up a smaller 
percentage of those involved in the entire process than the majority, but the same 
percentage as the ‘Laggards’ at the tail end of the process. 
When considering the definitions of these adopter groups, research undertaken by Rogers 
and shown in his case studies tells us that these categories also relate to specific social 
groups with varying degrees of education, cosmopolitan outlook and social status. For 
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example, those with higher degrees of education, socio-economic status, exposure to mass 
channels of communication, interpersonal communication channels, and with higher 
degrees of social participation,  who know more change agents and are more cosmopolite, 
tend to be early adopters of innovations, they are not however necessarily  the Innovators. 
The significance of gaining an understanding of the social groups or target audience for a 
new idea or innovation is considered by Rogers as important when trying to manage or 
stage the development of an innovation, since it provides anticipated information as to the 
likely behaviour of each group in terms of speed of adoption or readiness to adopt or not. 
For example the number of completed accredited Passivhaus buildings in the UK is currently 
in the ‘tens’ rather than the ‘hundreds’ or ‘thousands’ as it is in some other European 
countries. As a proportion of the new-built housing stock this would be equivalent to a 
fraction of a percent. Thus the adoption of the Passsivhaus standard in the UK currently sits 
early on within the ‘Innovator’ stage of adoption.  
Understanding the specific social groups who are targeted by a new innovation and the 
social groups forming the social system into which a new innovation is to be launched is 
linked to its development through identification of the needs of these relevant groups. 
Usually if an innovation is to be successfully adopted it has to meet the needs of the target 
community or a specific need within the community has to be stimulated. This can be 
achieved through gaining an insight into and understanding existing needs then developing 
mechanisms to support them. 
This process can be initially instigated through the identification of leaders or change agents 
within groups and marketing the ideas or innovations directly to them. When these agents 
adopt the new innovations they can act as role models for the next level in the innovation 
chain, ‘the early adopters’, thus the process can progress until critical mass is reached and 
the innovation is adopted by the mainstream of a community. 
However, according to Geoffrey A. Moore, in ‘Crossing the Chasm: Marketing and Selling 
Technology Products to Mainstream Customers’(Moore, 2007) if an innovation process is to 
be successful it is contingent upon the understanding of its communication beyond the 
innovator and early adopter phases to the majority or mainstream, since it is at this stage 
where there is the greatest cultural boundary or chasm between the groups and where 
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there is most risk of failure. Moore describes some of the difference between early adopters 
and the mainstream as follows -   
‘The single most important difference between early markets and mainstream 
markets is that the former are willing to take responsibility for piecing together the 
whole product (in return for getting a jump on their competition) whereas the later 
are not’(Moore, 2007) 
Moore therefore argues that if an innovation is to move beyond the early adopter phase it 
must be developed in a way that can also support the customer/user. 
 
 
Co-Evolution 
 
Sometimes innovations are successful from only one standpoint, for example they may be 
effective in the generation of profit for the developers of the innovation but they are not 
strictly relevant to user or customer needs, as in the case of some fashion items. In his book 
‘Synchronising Science and Technology with Human Behaviour’ (Brand, 2005) Ralf Brand 
argues that these types of innovations have often been the product of development 
processes that value the technological rather than the social aspect of an innovation.  
When considering technology as the main driver or innovation, the term ‘Technological 
Determinism’ is used to describe the belief that the development of a new innovation or 
technology is enough to trigger society to change in itself and that the technology exists 
outside the context of society (Brand, 2005).  According to Brand, this belief has often been 
attached to the development of technologies and innovations that serve the main purpose 
of providing profit for the manufacturers as the key driving motive for production, rather 
than provision of maximum holistic benefit for consumers inclusive of social benefits.  
Some consider that a more enlightened view when promoting the development of new 
innovations is to try and incorporate the needs of the consumers from the earliest stages of 
research and development, or to take a ‘co-evolutionary’ approach. 
In ‘Synchronising Science and Technology with Human Behaviour’ Brand argues in favour of 
the process of co-evolution when developing and disseminating new innovations and ideas. 
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He uses two key case studies to demonstrate his thinking. The first case study looks at the 
successful attempts of the Belgian town of Hasselt to implement a green transport strategy 
to accommodate increased public transport use. The second case study examines the 
promotion of local produce and shopping in the German town of Fürstenfeldbruck. 
For both of these case study examples, Brand shows how new local government policies and 
infrastructure are successfully integrated into existing systems via the use of co-evolutionary 
strategies that work to engage the public as part of the processes. The processes used were 
shown to enable the inhabitants of Hasselt and Fürstenfeldbruck to gain social ‘buy-in’ into 
the strategies and this supported the implementation of new technologies and processes. 
These new policies were implemented concurrently as government interventions or from a 
‘top-down’ approach combined with a ‘bottom-up’ or community led perspective. This co-
evolutionary method of policy implementation correlates with the findings of Rogers in his 
case studies which show that the successful diffusion of innovations requires social 
intervention and community ‘buy-in’ to support technological development. 
In the case of the Belgian town of Hasselt the goals of the new transport policy were to 
reduce traffic volume entering the centre of the town and to increase the use of public 
transport. These goals were achieved through a cluster of innovations including larger scale 
planning of technological infrastructure interventions such as the narrowing of car lanes, the 
introduction of traffic lights and new signals guiding cars away from vulnerable city centre 
areas, combined with the provision of bicycle paths and infrastructure and new car-free 
quality amenity space in and around the town centre. The large scale physical interventions 
were supported by smaller more immediate social interventions such as the promotion of 
car-free days and ‘shopping by bus’ schemes. Most significantly the promotion of the use of 
public transport was achieved via improving the image of the buses and the provision of 
free public transport which acted as a significant carrot to incentivise its use. Hasselt has 
now gained international notoriety because of its ‘free’ transport policy.  
‘Hasselt’s public transport policy has gained international attention because it is 
currently the only city in the world providing public transportation completely free of 
charge’ (Brand, 2005) 
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The new transport strategies for Hasselt were supported by public engagement exercises 
which incentivised behaviour changes such as promoting cycling to work or school instead 
of driving. This was achieved by offering prizes to schools or work places that recorded the 
highest number or pupils or staff travelling by bicycle on specific days. To support this, 
penalties were implemented to discourage car use with higher parking costs introduced for 
the town centre. 
The new transport strategies for Hasselt have shown long term cost savings in reduction of 
maintenance costs for parking or the need to provide additional new roads to cope with car 
use. They were however only viable due to state subsidies. While many in the town have 
been happy with the transport strateby results and the free buses, some residents have 
complained that they should not be paying for buses if they do not themselves use them. 
In the case of Fürstenfeldbruck strategies were introduced to try and increase spending on 
local produce. The aim of this was to support local farmers and businesses that were being 
financially squeezed through the policies of large supermarkets and industries that brought 
goods into the area from outside. Thus not directly supporting the local economy, and 
resulting in social and environmental deterioration in the local area. 
This strategic intervention was instigated through the development of a community 
organisation called Bruckerland which worked to promote local farmers and businesses. This 
was created through engagement with farmers with the offer to buy and sell their local 
organic produce at a higher price than was being paid to them by the supermarkets. Their 
products were then sold as prestige products in the local area. In conjunction to this 
Bruckerland engaged with the supermarkets to encourage them to stock more local produce 
supplied by Bruckerland with this produce being clearly labelled to identify it as special. In 
this instance the additional cost for the Bruckerland produce was passed on to the 
customers who paid between 12-35 % more for items but with prices still being cheaper 
than conventional organically produced products.  
Overall the Bruckerland project was shown to be successful in promoting and supporting 
local farmers and businesses but was not found to generate excessive economic benefits for 
them. What it managed to do was to raise the profile of local businesses and to encourage 
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residents of the local area and key organisations, e.g. hospitals, to support and buy local 
produce on a regular basis. 
‘BruckerLand was able to attract some quantity buyers like the county hospital and 
ten restaurants that serve seasonally adapted meals’ (Brand, 2005) 
The cases of Hasselt and Fürstenfeldbruck demonstrate the importance of social 
intervention in achieving the successful introduction of new innovations. These examples 
also show the need to use methods that incentivise positive behaviour change at the same 
time as those which discourage existing negative behaviour, or using both ‘carrot and stick’ 
policy approaches combined.  While these two examples have however been shown to be 
relatively successful, there have been many situations where the introduction of new 
innovations has created strong resistance because the needs or perceptions of the target 
audience have either, not been properly assessed, understood or engaged with. This is often 
the case if the change or innovation that is to be introduced is perceived as being too 
radical. Brand reflects upon one incident when the German ‘Red-Green’ government of 
2002 tried to introduce rises to fuel taxes. 
‘Because every democratically elected government knows that if it steers the cart 
into too sharp a curve, it is likely to lose support on election day. This is what 
happened to the German Red-Green government in 2002 after it implemented the 
first step of an ecological tax reform that increased the price of gasoline by 
approximately 3 per cent.’ (Brand,2005). 
The point above demonstrates the complexity and fragility of dealing with diverse markets 
when trying to introduce new innovations, but also the importance of gaining consent or 
social ‘buy-in’ from all those who will be affected by the changes. This theoretically can be 
achieved through specific communicative strategies which seek to engage with and 
understand the needs of communities at the same time as providing explanations as to the 
relevance and benefits of the proposed interventions. This type of community intervention 
strategy was employed with the development of the first Passivhaus flats in Grempstraβe in 
Frankfurt where residents were engaged in the design process from the earliest stages of 
development. This was also the case with the development of the KlimaSolarHaus 
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Passivhaus development in Berlin. These developments are described in the case studies 
chapter from this thesis. 
Social Complexity 
 
The degree of social complexity and cultural diversity surrounding an innovation can have 
strong impacts upon its success. In his book ‘Why we Disagree about Climate Change: 
Understanding Controversy, Inaction and Opportunity’ (Hulme, 2009) Mike Hulme discusses 
the complex nature of gaining consensus from the diverse range of communities, (each of 
whom hold differing beliefs), that make up our society. Hulme’s discussion relates 
specifically to the issue of Climate Change but it is also relevant when considering the 
processes of adoption or promotion of any new idea or innovation. 
Through presentation of findings from a questionnaire conducted on the theme of the risk 
of Climate Change with 700 Americans in 2003 by psychologist Tony Leiserowitz, Hulme 
shows how the different beliefs and values of specific cultures within a society are reflected 
in the opinions and reactions of their individual members. He demonstrates that cultural 
identities are stronger than commitments or affiliations to political parties. He also argues 
that those with more egalitarian beliefs had a stronger perception of the risks associated 
with climate change than those he describes as ‘individualists’ and ‘hierarchists’(Hulme, 
2009). This finding is supported by the work of Douglas and Wildavsky from 1982 in their 
essay ‘Risk and Culture: an essay on the selection of technological and environmental 
dangers’(Douglas and Wildavsky, 1982). They demonstrate how risk is not assessed on the 
basis of ‘objective’ technical analysis but through the particular social, cultural and ethical 
contexts that an individual inhabits (Hulme, 2009).  Thus it is argued that ‘risk perceptions 
are socially constructed’ (Hulme, 2009) and that 
‘messages about climate change need to be tailored to the needs and 
predispositions of particular audiences if they are to resonate with strongly held 
values’ (Hulme, 2009) 
If this premise is related back to the development of the Passivhaus standard in the UK, it 
could be argued that for successful broad adoption, appeal would have to be tailored to the 
predispositions of the relevant market groups of potential adopters. 
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One of the earliest accredited Passivhaus homes to be completed in the UK is the Denby 
Dale Passivhaus which employs the traditional UK cavity wall construction method. This 
construction technique was primarily employed for planning reasons but also to show 
people in the UK that the Passivhaus standard could be achieved when constructing homes 
in a traditional UK vernacular style. This development is described as one of the case studies 
in the Case Study chapter of this thesis. 
The Individual Innovator and the Innovation System 
The work of historian Arnold J. Toynbee discusses how he believes that growth or 
innovation is driven by ‘creative minorities’ who find solutions which others then follow, 
through the process of ‘mimesis’. Thus the role of the ‘creative individual’ is very similar to 
that of the ‘Innovator’ as described by Rogers. In his work Toynbee also argues that 
innovation is key to the progress and development of society and cultures and that failure 
to support ‘creative minorities’ (Toynbee, 1960) and innovation may lead to cultural and 
social demise. 
The Innovator is often characterised as being somebody who stands outside of the broader 
social realm, and who is better educated and more creative than the ‘norm’. However the 
innovator and the development of innovations need the support of the whole system in 
order to survive and thrive. 
 
In the paper ‘Translating Sustainabilities between Green Niches and Socio-Technical 
Regimes’ Adrian Smith develops an argument that there is insufficient understanding of how 
knowledge from ‘green niches and regimes’ (Smith, 2007) can be translated to the wider 
market. He also stresses the importance of these ‘niches’ in the generation of innovation/s 
that would be potentially widely beneficial to society as a whole.  
 
Smith demonstrates his argument by discussing the case of development of the ‘Energy 
World Project in Milton Keynes’ where, in the 1980’s 50 low energy houses were built to 
several different low energy designs, but also the case of various programmes that were 
undertaken to test and develop renewable energy technologies at CAT (the Centre for 
Alternative Technology) in Machynlleth in the 1990s. He explains that while these projects 
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managed to impact upon methodologies for the testing of further projects in the UK, they 
did not manage to have a large impact on mainstream building design and construction 
practices in the years immediately subsequent to the testing. Smith explains this as follows -  
 
‘A more ambitious project was the Energy World at Milton Keynes in the mid 1980’s. 
It consisted of around 50 low energy houses built to different designs and testing 
various technologies. While this helped in the development of monitoring and 
standards protocols, it did not make a big impact on mainstream building. Falling 
energy prices reduced tensions within the regime and mainstream interest waned. In 
nearly all the cases, formal learning influence was narrowly technical and 
disseminated through specialist reports. Niche influence was limited to an occasional 
source of ‘good practice’ guides and technical reports. Renewed interest has emerged 
recently. A number of government task forces and programmes have been launched 
to promote sustainable housing. These run the risk that limitations under previous 
niche engagement will be repeated.’ (Smith, 2007) 
 
This observation starts to suggest that this test development of low energy housing in the 
UK has not been very successful in terms of providing a basis to support the mainstream 
house building, and the wider construction and consulting industries, towards the 
development of low energy homes. Understanding why this has been the case asks 
questions of the innovation processes and systems that were employed in this instance. 
 
In the paper ‘UK innovation systems for new and renewable energy technologies: drivers, 
barriers and systems failures’ (Foxon et al., 2005a) Tim Foxon et al argue that an innovation 
is a non-linear process which involves feedback at different stages of development and is 
defined as –  
 
‘The elements and relationships which interact in the production diffusion and use of 
new, and economically useful, Knowledge’ (Lundvalle, 1992). Thus, rather than being 
categorised as a one-way, linear flow from R+D to new products, innovation is seen 
as a process of matching technical possibilities to market opportunities, involving 
multiple interactions and types of learning’ (Freeman and Soete, 1997).  
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Thus innovation can be seen as a process or a system. 
 
If for example elements of the innovation system are dysfunctional or not working to their 
optimum, then the development of an innovation can stop or slow. Foxon et al present the 
case that this has been the situation with the development of systems surrounding the 
introduction of renewable energy technologies in the UK in recent years, with weak policy 
framework and measures cited as contributing to the disruption of the system. Foxon et al 
argue for a more stable and consistent policy framework to support the early stages of 
innovation and R+D before it reaches the market, thus off-setting much of the risk 
associated with this stage of the innovation process.  
 
Smith’s conclusions have similarities to the findings of Foxon et al when he focuses on weak 
regulation as failing to act as a satisfactory component in the chain of innovation. He 
presents a case that regulation did not allow embryonic and test ideas to flourish and 
progress to the mainstream. Thus innovator and early adopters were not properly 
supported to the loss of the wider social context. Smith explains this further below -  
 
‘In the absence of widespread consumer concern for greener housing, regulation is 
the key environmental driver in volume house-building. Regulation has been slow to 
articulate a clear and strong signal for sustainable housing. Standards for insulation 
have improved periodically (whenever tensions warranted). Standards are currently 
being extended to a wider set of sustainable considerations (e.g. water use). 
However, this regulation-driven translation is relatively undemanding because it does 
not encourage deeper learning and second-order translation. Standards and codes 
are piecemeal rather than holistic, and are negotiated on the basis of what is judged 
to be a reasonable demand, given mainstream socio-technical practices.’ 
(Smith,2007). 
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Innovation, Culture and Feedback 
 
The most successful innovation systems include feedback mechanisms that aim to 
understand what has functioned well and what has failed. These allow for refinement of an 
innovation. Feedback can take different formats from the monitoring of technical 
performance of physical products to the monitoring of social acceptance and desirability. 
Feedback can also track the development process of the innovation and the mechanisms by 
which it has been implemented or brought to the ‘market’. 
 
The type of human interaction with an idea or innovation can be a key reason why it is a 
success or fails. Sometimes innovations that could be useful for a target audience fail 
because they are not understood by the audience for whom they are intended or they are 
not understood as appropriate within the cultural context within which they are promoted.  
This type of ‘cultural block’ is described by Jared Diamond in his book ‘Collapse’ (Diamond, 
2005) which cites the example of the US state of Montana that hosts large forested areas 
and is prone to forest fires, which frequently cause severe environmental and financial 
damage and destruction to community and individual property. Montana foresters have 
been aware that specific forest management regimes would significantly reduce the 
potential incidence and impact of these fires but only at an additional cost to the state. 
 
Diamond explains that because the prevalent culture in the state of Montana is suspicious 
of government and government intervention, there is no wide scale support for state 
funded solutions and innovations which could help to prevent the forest fires and the 
associated negative impacts. Instead larger scale sporadic costs are incurred by 
communities and individuals to compensate for damage caused by the fires. 
 
Sometimes people will resist a new innovation because it challenges or threatens their 
livelihood or the status quo, or because they feel threatened by the means by which it is 
communicated. They may also not understand the purpose of the innovation or how it 
works, or any alteration to behaviour that would be required to adopt it. Innovations are by 
nature new and require behaviour change for their adoption. The degree to which 
respondents or customers must adapt to adopt an innovation depends upon the nature and 
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complexity of the innovation. Sometimes the introduction of an innovation requires specific 
respondent/customer training or instruction for its success at other times behaviour change 
can be more intuitive. 
 
According to the findings from the case studies chapter of this research documenting 
interviews with residents of the St.Jakob’s flats in Frankfurt and the KlimaSolarHaus in 
Berlin, some degree of behaviour change has been required by residents in order for them 
to live in a Passivhaus in comparison with living in a ‘conventional’ dwelling, especially so 
that residents can achieve optimum thermal comfort. The need for behaviour change was 
also noted by the residents of the Denby Dale Passivhaus who commented that it would be 
a good idea to provide some kind of instructions as to how to live in a Passivhaus for future 
Passivhaus residents (Butcher, 2009a). In response to a need to provide living instructions 
for Passivhaus residents, the Passivhaus Institute in Darmstadt has produced some 
instructions in the form of ‘Nutzer’ or ‘User’ handbooks (Pfluger and Feist, 2008). 
 
Arguably resistance to the adoption of innovations is largely encountered with innovations 
that are implemented without a co-evolutionary framework such as with the technical 
deterministic approach. A criticism of a technological deterministic approach to the 
implementation of innovations is that only this top-down perspective does not allow for 
proper social engagement with the consumer. This criticism can also be levied at an 
architectural deterministic approach to building design. ‘Architectural Determinism’ is the 
term for architectural interventions that are typified by a top-down approach to design and 
which aim to modify human behaviour only through physical design. An architecturally 
deterministic design is frequently perceived as being restrictive for occupants and one that 
does not employ the consumer or occupant as part of the design or operation process.  An 
extreme example of this would be Jeremy Bentham’s Panopticon, which was a circular 
prison with cells built in a curve facing inwards, allowing prison inmates to be easily 
observed from a central control point (Brand, 2005). 
 
Brand argues that those finding themselves in situations where they feel unable to control 
their environment such as being an inmate in a Panopticon prison, may react negatively 
against it and -  
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‘In many, if not most cases, the patronised human objects will find ways to regain 
their subjecthood by means of some creative or sullen form of subversion, 
disobedience, modification, sabotage, counterstatements (Pfaffenberger, 
1992)antiprogrammes (Latour, 1992)on the election ballot' (Brand, 2005) 
This may not just be relevant when considering the development of buildings but applies to 
the introduction or development of any new innovation, inclusive of building standards such 
as the Passivhaus or other standards which may call for the implementation of specific 
technologies such as MVHR. 
As with other types of innovation, it is arguable that the construction and habitation of a 
new building would likely require some form of instruction or training so that occupants are 
enabled to use it. For example some degree of understanding about how to operate 
building services systems or how to carry out maintenance regimes would ideally be 
provided.  
This is the argument made with the introduction of the UK ‘Soft Landings’ (BSRIA and UBT, 
2009) programme which aims to promote better understanding of the processes governing 
the design, construction and habitation of buildings. The sentiments of the Soft Landings 
programme support the findings of Brand and Rogers and their belief in the benefits of a co-
evolutional approach to development. This is supported by Hill et al in their paper 
‘Consumer impacts on dividends from solar water heating’ (Hill et al., 2011). Hill et al argue 
that recent installations of solar thermal water heating in the UK have been marred by poor 
installation and lack of user awareness as to how to operate systems due to lack of 
instructions for tradespersons installing the technologies and consumers using them. 
 
Triggering Innovation 
 
Innovation is arguably a key contributing factor for the development and growth of a society 
and social systems. Foxon et al maintain in their paper ‘UK Innovations Systems for new and 
renewable energy technologies: drivers, barriers and systems failures’ (Foxon et al., 2005a) 
that innovation is also important for economic prosperity –  
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‘Innovation is a principle source of economic growth’ (Mokyr, 2002) 
‘ and a key source of new employment opportunities and skills, as well as providing 
potential for realising environmental benefits’ (Foxon et al., 2005a). 
This paper promotes the idea that a good understanding of the processes that enable or 
work to support innovation are useful in the context of the development of an economy and 
especially the development of new ‘green’ economies.  Through researching different 
innovation systems using a standard framework approach, Foxon et al also conclude that for 
innovation to be successful then ‘different actors with distinctive roles’ (Foxon et al., 2005a) 
need to work together  
‘developing a shared vision  between government, industry and the research 
community’ (Foxon et al., 2005a) 
 Foxon et al also stress that early stage development needs to be supported through 
fostering ‘niche’ developments with an understanding that at the early stages in the 
evolution of an innovation, it will require financial support together and the understanding 
that not all new ideas will prove successful.   
Key points that this paper stresses are that a current lack of core skills combined with a 
deficit in joined up thinking within UK policy has recently blighted the development of 
renewable energy technologies in the UK.  It is possible that since the Passivhaus standard 
could also currently be defined as a niche ‘green’ technology, this technology might also be 
subject to similar problems in the UK. 
In his paper ‘Translating Sustainabilities between Green Niches and Socio-Technical Regimes’ 
(Smith, 2007) Adrian Smith highlights the issues of moving an innovation from its embryonic 
or niche stage and into the mainstream. When discussing the transmission of green skills 
and training in the UK, Smith cites the example of the CAT in Machynlleth, Wales which 
operates to provide training to deliver ‘green’ building skills and understanding.  He argues 
that while CAT has supported this type of knowledge transfer since the 1970’s with 
intermittent expansion in interest in these skills during the late 1980’s, that the skills and 
understanding have, until recently, largely remained contained within a niche market. Smith 
42 
 
believes this is the case because of poor engagement between CAT and the existing or 
incumbent regime in the UK – 
‘There was an expansion of these on the crest of the second wave of widespread 
environmental concern in the late 1980s, and a third wave is currently emerging. But 
all this largely limits activity to within the niche and while fulfilling a public education 
role, engages poorly with the regime’ (Smith, 2007) 
The argument that engagement between the ‘green niche’ and the mainstream or ‘regime’ 
has been sporadically successful to date is also represented in the story of the development 
of early super insulated buildings in the UK for example in the case of the Energy World 
Project in Milton Keynes, as also described by Smith. 
Innovation Networks 
 
In ‘The Diffusion of Innovations’, Rogers argues that better communication networks enable 
the diffusion of innovations and that individuals who are linked through better networks are 
usually good catalysts supporting the dissemination of innovation. However, he makes the 
case that in order for this communication process to function then the gaps in the network 
chain need to be bridged. Rogers argues that if communication flows through interpersonal 
networks, then it is likely in the initial stages to function between homophilious or similar 
individuals. This can arguably also be supported by the degree of social or cultural capital 
that exists between individuals or groups. In their paper ‘Social and cultural capital in 
project marketing service firms: Danish architectural firms on the German market’ (Skaates 
et al., 2002) Skaates et al present findings from research that shows the difficulties that 
have been experienced by Danish architectural firms who have tried to work in Germany. 
This is concluded as being due to different work cultures which have impacted upon the 
ability to generate social capital. 
‘Differences in norms and ways of working would make it more difficult to establish 
credibility in the interaction mode that is typical of the generation of social capital. If 
we find that there are few social ties among professional sub-field actors from the 
two countries and that there are different norms and ways of working in the two 
milieus, then we will have evidence that social capital is not transferable’ (Skaates et 
al., 2002). 
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In situations where actors have little in common or who are heterophilious, communication 
can be either more limited or occurs through alternative network structures.  
Rogers explains that the concept of homophilious behaviour enabling communication and 
the diffusion of ideas was understood a century ago by Gabriel Tarde, who noted in 1903 
that –  
‘Social relations, ... are much closer between individuals who resemble each other in 
occupation and education’ (Rogers, 2003) 
The communication of an idea or an innovation is also dependent upon the type of social 
system into which it is launched. In social systems that are generally less divided then 
communication has been observed to be easier. However in systems of greater social 
division, for example within the Indian caste system, which has functioned as a network of 
specific hierarchical social groups, then communication has been observed to occur through 
heterphilious routes which involve those in lower social ranks, waiting to seek high status 
support for ideas from those in the upper tiers of society, before they adopt the ideas 
themselves. Rogers argues that this type of social network can result in a slower process of 
adoption than in a flatter social structure. 
An understanding of the society and types of social networks into which an innovation is 
launched is considered by Rogers integral to helping understand actual and appropriate 
dissemination methods. This includes for careful consideration of the role of key actors in a 
system. Rogers explains that a common mistake made by those wishing to communicate 
new ideas or information occurs in the choice of a change agent or disseminating agents 
employed who are ‘too innovative and who lack the capacity to communicate with the 
mainstream’ (Rogers, 2003). This can mean that communication gaps are exacerbated 
rather than reduced, particularly in systems with strong ‘traditional norms’ (Rogers, 2003) or 
that are very conservative. Rogers explains this as follows –  
‘A common error made by change agents is that they select opinion leaders who are 
too innovative. Change agents work through opinion leaders in order to close the 
heterophily gap with their clients. But if opinion leaders are too much more 
innovative than the average client, the heterophily that formerly existed between the 
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change agent and his or her clients now exists between the opinion leaders and their 
followers. Innovators are poor opinion leaders in systems with traditional norms’ 
(Rogers, 2003) 
 
In his book ‘Tipping Point’ (Gladwell, 2001a), Malcolm Gladwell discusses the importance of 
the peer group in the innovation dissemination process, when considering communication 
processes through networks, and social groups. He cites the research of Judith Harris in her 
book ‘The Nurture Assumption: why children turn out the way they do’ (Harris, 1998) and 
uses the examples of teenagers who smoke to be like their friends, and of immigrant 
children not retaining the accent of their parents but adopting that of their peer group to 
demonstrate this point.  
 
As previously discussed, the ideas-dissemination process is contingent upon social systems 
but also the physical environment. Gladwell discusses this when he refers to the importance 
of existing context or physical environment when instigating change.  This is demonstrated 
within the context of the ‘broken window theory’ which was developed by criminologists 
James Q. Wilson and George Kelling and described in the book ‘Fixing Broken Windows’  
(Kelling and Coles, 1996). Wilson and Kelling believe that crime or dysfunction is an 
inevitable consequence of certain types of disordered environment. They use the example 
of a broken window left unrepaired in a building leading to the conclusion of passers-by that 
nobody cares about the building. This in turn leads to belief that ‘no-one is in charge’ 
(Gladwell, 2001a) so more windows are likely to get broken and thus the spiral continues 
downwards . This process can also potentially work in reverse: for example if a 
neighbourhood is cleaned up and kept clean, then people littering will look conspicuous and 
the process of littering will become unacceptable, thus promoting a certain type of 
behaviour pattern. This phenomenon could be applied beyond the physical and into the 
realms of communication with the example of one individual in a company not answering 
emails eventually leading to an entire culture of non-communication in that company. This 
may be relevant when considering communication modes from niche innovators and the 
mainstream. 
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The above example of the broken window theory reinforces the importance of context and 
environment when considering behaviour change and the dissemination of ideas and 
innovations, but also the importance of psychology and perception. It demonstrates that if 
change is to flourish, then perceived functioning of infrastructure can be as important as 
actual functioning of infrastructure. If people believe a system is broken through 
communication of small but significant signals, then trust in that system can be lost and 
there is the potential for that system to degenerate into one that is in reality fractured or 
broken. Hence the attempts of those with vested interests to thwart the development of 
the daylight lamp through attempts to publicise accounts discrediting the product, as 
previously discussed. 
 
Innovation Variables 
 
It is apparent from cited examples there are many factors which contribute to the 
development of an innovation all of which may act to speed or hinder its assumed progress. 
These factors could be described as the variables in the process. Roger’s lists independent 
factors or variables that may affect the innovation process in an organisation or system. 
These are outlined below –  
 
‘‘Independent Variables 
Individual (Leader) Characteristics 
1. Attitude toward change 
Internal Characteristics of Organisational Structure 
1. Centralisation – ‘the more that power is concentrated in an organisation, the less 
innovative the organisation tends to be’  
2. Complexity – ‘the degree to which an organisation’s members possess a relatively 
high level of knowledge and expertise’  
3. Formalisation –‘Is the degree to which an organisation emphasises following rules 
and procedures in the role performance of its members’  
4. Interconnectedness – ‘Is the degree to which the units in a social system are linked by 
interpersonal networks’  
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5. Organisational Slack – ‘Is the degree to which uncommitted resources are available to 
an organisation’  
6. Size  
External Characteristics of the Organisation 
1. System openness’’ (Rogers, 2003) 
 
In the same way that Speirs et al argue that an innovation will only thrive in the context of a 
cohesive and supportive holistic social environment, Rogers also believes that the variables 
he lists will affect the innovativeness of an organisation. He argues that if any are 
disproportionately represented then this will alter its progress and development. Roger’s 
believes that it is the combination of individual leadership characteristics, the component 
factors making up the internal characteristics of an organisation and the ‘openness’ or 
external characteristics of that organisation combined that will affect the ‘Organisational 
Innovativeness’  (Rogers, 2003) or capabilities of that organisation. 
 
When considering the factors that may have key influence over this process, Roger’s argues 
that innovations that require the decision of an individual for adoption tend to progress at a 
faster rate than those that initially require a collective or group decision. He therefore 
believes that one way to speed up the process of adoption of an idea could be to focus on a 
few individuals. He describes this thinking below -  
 
‘The more persons involved in making an innovation-decision, the slower the rate of 
adoption. One means of speeding the rate of adoption of an innovation is to attempt 
to alter the unit of decision so that fewer individuals are involved.’ (Rogers, 2003) 
 
The success however of this type of strategy would be dependent upon the connectivity of 
the individuals and the degree to which they are ‘networked’ to other responsive 
individuals. In the book ‘Six Degrees’(Watts, 2004), Duncan J. Watts explains that the 
successful transmission of a request or idea also depends upon a robustly connected system 
and the optimum functioning of each connective node. 
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‘The successful transmission of a request depends on every node in the chain 
performing its information-processing duty’ (Watts, 2004) 
 
In the example of a ‘traditional’ hierarchical distribution system, nodes that sit higher up in 
an information chain are better connected to more other members of that system but are 
burdened with greater information channels by which to communicate. There may be fewer 
nodes or individuals at the top but if all information has to pass through them, then there is 
the potential for stress causing delays or rupturing of the system. Watts argues that this 
type of system is quite vulnerable to the removal of a node which would potentially stop 
information flow. A common demonstration of where this process of purely hierarchical 
‘top-down’ dissemination of information has been shown to fail has been in the example of 
new companies or organisations which are strongly reliant on people as a resource. When 
these new companies expand there is the potential that with the departure or addition of 
new people will result in the migration or loss of capabilities (Christensen, 2003). The same 
problem can be apparent in social marketing situations and other physical distribution 
systems such as in grid power distribution for example when the removal of a node can 
result in the break-down of all or part of that system. 
 
In Six Degrees, Duncan Watts uses the physical case study of the New York power black-out 
of 1977 to demonstrate this point. In this example the city of New York experienced a total 
power outage for a number of hours which caused social mayhem with a resulting bill of 
about $350 million dollars. This was caused by a series of mistakes and subsequent failures 
between linked regional grid electricity supply grids (Watts, 2004). These collapsed in a 
domino effect resulting in complete power failure throughout New York.  
 
This example and those cited previously help to demonstrate the complexities that exist 
when considering the success of distribution or diffusion networks, with how they are 
governed, the internal and external factors and breaks in networks often acting to 
compound any system errors. Understanding all the potential processes that may be at play 
in a system will depend upon its size, construction and levels of connectivity between 
component parts. It will also depend upon the context into which it is placed or emerges 
and the nature of individuals operating within it.  
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In the case of human networks and the dissemination of innovation, knowledge can be 
shown to remain in a system through the generation of a specific culture that supports an 
understanding of this knowledge. This enables a more robust system that is not so reliant on 
individuals. The development of the Passivhaus standard in Germany has appeared to have 
followed this type of system development pattern and has resulted in the development of 
associated supply chains and culture. If the Passivhaus standard is to thrive in the UK, 
adherence to similar structured dissemination systems would probably be appropriate. 
 
 
Summary and Passivhaus 
 
The processes that surround and enable the development of an innovation are complex. 
They involve factors that relate to the quality of the technology, the social and cultural 
systems into which it is launched, available economic support and its appropriateness for a 
specific market.  
 
Success of an innovation is also contingent upon individuals supporting it and their role 
within specific communication chains together with the perceptions of those who engage 
with or who are confronted with them. Success ideally involves nurturing the innovation and 
developing appropriate strategic mechanisms for its dissemination. An understanding that 
the needs of early innovators will be very different from the majority or mainstream market 
is also very important. 
 
Understanding the processes that enable the communication of a new idea or innovation 
involves attempts to predict how that innovation could develop over time, thus allowing 
foresight to locate any obstacles that may stand in its way. These obstacles may relate to 
threats to existing cultures and livelihoods, but also to overriding environmental impacts 
such as drain on resources that are needed to support the innovation. The implications 
relating to resources are linked to both physical and human potential and their availability 
within the supply chain or ‘technology cluster’ surrounding the innovation. 
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Innovations and ideas tend to evolve over time and this can be in a non-linear direction of 
progression. In order to gauge innovation potential an understanding needs to be gained as 
to the extent that time is likely to be a factor in the process and the ‘fixed’ nature of an 
innovation in terms of where it is situated in terms of stabilisation or closure. In conjunction 
with this it is of vital importance to consider the socio-political context into which the 
innovation is to develop together with social engagement methods to be used as part of the 
development process. These can include identification of relevant supportive individuals. 
 
In Germany the Passivhaus standard has been acknowledged by some key and influential 
political figures and scientists such as Ernst Ulrich von Weizsäcker who is a former member 
of the recent ‘rot-grünen’ or ‘red-green’ coalition government in Germany and a key 
supporter of green energy reforms and efficiency measures -  
‘Er fordert seit Langem eine Revolution der Energieeffizienz (Laible, 2010b). 
My translation into English is -  
‘He has long promoted a revolution in energy efficiency’  
As such he is the type of person who has the capacity to influence large number of people 
and act as an opinion leader and potential change agent.  Currently von Weizsäcker lives in a 
Passivhaus home near Freiburg, south Germany. Although it is not clear if this fact has 
directly influenced the uptake of the Passivhaus standard in Freiburg or in Germany, this 
support may have worked to raise the profile of the standard and the Passivhaus Institut. 
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Passivhaus a Brief History 
 
‘The Devil is in the Details’ – often attributed to Walter Gropius 
Introduction  
 
According to Wolfgang Feist from the Passivhaus Institut in Darmstadt, a Passivhaus is a 
building where -  
 
‘The heat losses of the building are reduced so much that it hardly needs any heating 
at all. Passive heat sources like the sun, human occupants, household appliances and 
the heat from the extract air cover a large part of the heating demand. The 
remaining heat can be provided by the supply air if the maximum heating load is less 
than 10W/m2 of living space. If such supply-air heating suffices as the only heat 
source, we call the building a Passivhaus’ (PHI and iPHA, n.d.) 
According to the UK Passivhaus Trust, based on the design parameters set out by the 
Passihvaus Institute in Darmstand, building to the Passivhaus standard in the UK requires 
the following -   
‘The Passivhaus Standard requires:  
 A maximum space heating and cooling demand of less than 15kWh/m2 a. or a 
maximum heating and cooling load of 10W/m2 
 A maximum total primary energy demand of 120 kWh/m2a. 
 An air-change rate of no more than 0.6 air changes per hour @ 50 Pa.’ 
Achieving the standard in the UK typically involves: 
 ‘Very high levels of insulation  
 Extremely high performance windows with insulated frames 
 Airtight building fabric 
 ‘thermal bridge free’ construction 
 A mechanical ventilation system with highly efficient heat recovery’ 
And  
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‘Certification: 
The Passivhaus Institut has developed a number of certification processes to ensure the 
quality of any official Passivhaus buildings and practitioners: 
 The Passivhaus Planning Package (PHPP), used to inform the design process and to 
assess or verify compliance with the Passivhaus standard 
 Certification for designers who have the expertise to deliver Passivhaus buildings 
 A Certification process for Passivhaus buildings, which applies both to the proposed 
design and the completed building’ (Passivhaus Trust, n.d.). 
 
Although the Passivhaus standard was developed in Darmstadt in Germany it has roots in 
the evolution of super insulated buildings in North America, the United Kingdom and 
Scandinavia during the past 70 years.  
The motivations to create super insulated, low energy buildings can be traced back to 
specific times or situations when there have been shortages or stresses on energy supplies 
and materials, for example after the 1973 global oil shock. However the context for the 
development of more efficient buildings also lies during times of marked technological 
changes or progression. Thus the evolution of low energy building designs has been 
contingent on political, social and technological factors combined. 
 
During the 1970s and 1980s Europe saw the development of many low energy building 
projects. Potentially due to colder climate, the development of super insulated low energy 
housing progressed further in Scandinavian countries, particularly Sweden.  At the beginning 
of the 1980’s the LEH (Low Energy House) or NEH (Niedrigenergiehaus - as it is known in 
German), were first demonstrated in Sweden, where  this design was used to form the basis 
of the Nybyggnadsregler or low energy building design standards.   
 
The Nybyggnadsregler were later developed into the mandatory standard for the Swedish 
Building Regulations and implemented as a national standard in 1991. The target for space 
heating performance for this regulation is 70kWh/m2 a. At the end of the 1990s this 
standard was brought to Germany as a complimentary good practice standard for low 
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energy building design in addition to the building regulations. The German building 
regulations vary slightly between each German state but since 1st February 2002 have been 
supported by a standard generic building code (Dewsbery, n.d.) and later EU policy in the 
form of the EPBD (Energy Performance of Buildings Directive: known in Germany as the 
EnEV(Energieeinsparverordnung). This was implemented in Germany in 2009 (DENA, n.d.). 
 
At the end of the 1980’s Professor Wolfgang Feist from the University of Darmstadt and 
Professor Bo Adamson from Lund University in Sweden decided to try and perfect the 
design of the super insulated house to create an affordable low energy building design 
standard that would consistently deliver energy reduction targets and perform better than 
Nybyggnadsregler housing. From the start of the project the building physicist Wolfgang 
Feist stated his and the team’s intentions which were to try and understand the failings of 
many existing low energy super insulated building designs and develop a simple and 
workable standard that would be suitable for different construction types and climates in 
Europe and worldwide. 
  
Passivhaus: Kranichstein 
 
 
The first project to develop the Passivhaus standard was initiated at Darmstadt University in 
the state of Hessen in Germany. A scientific working group was set up for this project as part 
of the IWU (Institut für Wohnung und Umwelt – Institute for Housing und the Environment) 
from the HMWT (Hessischen Ministerium für Wirtschaft und Technik - Hessen Ministry for 
Industry and Technology). This project was funded and directed by the state government of 
Hessen and influences for the project were drawn from designs of early super insulated 
housing in the US and other parts of Europe. The design work was also supported by the 
American architect Robert Hastings who had previously worked on many super insulated 
housing projects in the US.   
 
The actual project comprised the building of four family homes each with an area of 156m2, 
making up a small row of terraced houses in Kranichstein, Darmstadt.  This project has since 
become known as the ‘Experimental housing Darmstadt Kranichstein K7’ (Feist, 2006) 
project.  
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The architects for the K7 project were Professors Bott, Ridder and Westermeyer working 
together with Professors Wolfgang Feist and Bo Adamson. The aim was to produce 
inhabited homes with as near to zero heating requirements as possible. They were designed 
with the following fabric and MVHR performances -  
 
Roof U-value 0.1 W/m2 K 
Wall U-value 0.14 W/m2 K 
Cellar Slab U-value 0.13 W/m2 K 
Triple Low-e Glazed Windows U-value 0.70 W/m2 K 
MVHR efficiency 80%  
(Feist, 1997a) 
Figure 3 - Table of design parameters for Kranichstein Passivhaus dwellings 
 
In addition to the above fabric performance specification, the buildings utilised on-site solar 
thermal panels to supplement domestic hot water heating and ground source heat pumps. 
After construction the housing was tested in relation to air-permeability using blower-door 
tests. The average air-permeability of the housing was found to be 0.3 -1 @ 50 Pa and 
thermographic images showed that the construction was thermal bridge free as per design 
intention. The initial test results and thermographic records were written up to produce the 
seminal report ‘The Passivhaus Darmstadt Kranichstein’ (Feist, 1997a) which is now 
distributed via the Passivhaus Institut in Darmstadt. 
 
The housing was initially extensively monitored with data being continuously gathered by 
EBÖK (Ingenieurbüro für Ökologische Konzepte). The data was analysed to produce annual 
energy consumption figures for the years 1991 – 1995, starting in October 1991 and ending 
in September 1995. Further testing has also been carried out on this project beyond this 
date.  
 
To gain energy consumption figures and further understanding of the performance, the four 
houses were tested in relation to and for the following factors –  
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 Climate (outside air temperature and humidity, wind speed and direction, solar 
irradiation) 
 Indoor air temperatures (in all houses and in all rooms) 
 Indoor air humidity (House IV in all rooms) 
 Radiator temperature (House IV in all rooms) 
 Temperature cross-section and heat flow in wall 
 Temperature cross-section and heat flow in roof 
 Surface temperatures of windows 
 Status of insulating sliding shutters 
 Air flow rates of ventilation system (and temperature and humidity) 
 Flow rates and temperatures of cold water, rainwater and hot water 
 Heat metering of heating, hot water, circulation and solar collectors 
 
The following additional tests were also undertaken –  
 Thermographic assessment of building fabric 
 Air-pressure tests 
 Tracer gas tests to understand ventilation efficiency 
 
The results of the testing showed that the housing performed very much as predicted. The 
average annual heat requirement for the dwellings over five heating periods was shown to 
be less than 10kWh/m2 a., with an average maximum heating load of 7W/m2. In conjunction 
to this, the total specific end-use energy requirement for supplementary heating, domestic 
hot water, ventilation and household electricity was lower than 33kWh/m2 a. This slightly 
exceeded design targets of 30kWh/m2 a. When these figures were compared with German 
standard national energy use figures, they equated to final energy savings of approximately 
‘90% and with 78%’(Feist, 1997a) compared to contemporary new homes at the time. 
 
Key findings from the initial test results showed that despite the fact that the houses were 
designed with radiators and space heating, it was possible to provide heating for these 
dwellings using only the air supply from the MVHR.  It was however concluded that the 
efficiency of the MVHR units was integral to the overall success of the performance of the 
buildings and provision of thermal comfort.  
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Monitoring and testing results also showed that these houses performed well in terms of 
both occupancy comfort and overall energy performance.  The results from testing also 
showed that the maximum designed space heating requirement should be no more than 
10W/m2 and that the use of the triple low-e krypton filled glazing was found to be effective 
and important for providing occupancy comfort and heat loss through maintaining internal 
surface temperatures in the building, in conjunction to providing energy savings. The 
occupants of the houses were all found to be satisfied with the performance of the housing 
and comfort levels in both summer and winter. It was found that key to this housing’s 
success was careful planning and attention to quality assurance during construction. This 
was also vitally important for delivery of the required building fabric performance.  
 
The overall build cost of the Kranichstein housing was 50% more than conventional housing 
built during this time in Germany. This cost was absorbed by the Hessen environment 
ministry who understood it to be the necessary cost for developing prototype low energy 
housing. The development of the housing directly led to the advancement of various 
building products associated with the construction of Passivhaus buildings such as triple- 
glazed windows and high efficiency MVHR systems (Feist, 1997a). 
 
The results from the testing of the K7 project were used to feed into the design of a 
proposal and performance specification for the CEPHEUS (Cost Efficient Passive Houses as 
European Standards) programme in 1997. The intention of the CEPHEUS programme was to 
develop a low energy, low cost building standard for Europe. 
 
The development of the housing at Kranichstein attracted significant international 
attention, inclusive from the energy efficiency pioneers Amory Lovins and Ernst von 
Weizsäcker who used the Kranichstein development as a case study in their book ‘Factor 
Four’ (von Weizaecker et al., 1998) 
 
Amory Lovins commented enthusiastically about the development at Kranichstein since he 
believed that Passivhaus had the potential to help solve the pending global energy crisis and 
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stave off the effects of global warming. Lovins commented on the Kranichstein project by 
saying - 
 
‘No, this is not just a scientific experiment. This is the solution. You will just have to 
redesign the details in order to reduce the additional costs – and that will be possible, 
I am convinced’  
(von Weizaecker et al., 1998) 
 
CEPHEUS – (Cost Efficient Passive Houses as European Standards)  
 
After the successful development and monitoring of the Kranichstein test housing, a 
proposal was put to the European Commission, Directorate-General, XV11 in 1997. This 
proposal was known as CEPHEUS and its aim was to build 239 dwellings to the Passivhaus 
standard (as devised from the testing of the four Kranichstein homes) in six different 
European countries. The intention was to test all these homes and use the results to form 
the basis of a pan-European standard for affordable low energy homes. The CEPHEUS 
proposal defines Passivhaus homes as follows -  
 
‘Passive Houses are buildings in which a comfortable interior climate can be achieved 
without an active heating and air-conditioning system. To permit this, the specific 
annual heating demand for space heating must be kept lower than 15 kWh/m2 a. 
and the total final energy demand for space heating, domestic hot water, ventilation 
and household electricity must not exceed 42 kWh/m2 a. This forms the basis to cover 
the remaining energy requirement by renewables.’(CEPHEUS, 1997) 
 
The proposed countries where the CEPHEUS housing was to be built and the location and 
number of dwellings for each was as follows –  
1. Sweden, Göteburg - 10 dwellings 
2. UK, Derwentside and Leominster – 10 dwellings in total between the two sites 
3. Germany, Hannover 140 dwellings 
4. Austria, Vorarlberg – 24 dwellings 
5. Switzerland, Luzern – 15 dwellings 
6. France, Rennes – 40 dwellings 
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All the homes were designed to be occupied as conventional housing, but tested and 
monitored for overall energy performance. One home per country was made permanently 
available for further testing for purposes of viewing by the general public. All those 
participating in the CEPHEUS project had to agree to form part of an International CEPHEUS 
panel to communicate the results of their projects and to meet on a bi-annual basis to 
discuss their findings. The results of testing gathered up until 2000 were then presented at 
the EXPO 2000 World Fair in Hannover. The location of the German housing in Hannover 
also formed part of the EXPO 2000 fair and allowed visitors from all over the world to view 
Passivhaus dwellings there.  
 
The CEPHEUS homes were built to the following specifications (CEPHEUS, 1997) –  
Figure 4 - Table of design parameters for CEPHEUS housing  
Component Characterisation Specification 
Building Fabric Super insulated U-value around 0.1 W/m
2
 K 
Building Element Connections Reduced thermal bridges* U-value around 0.0 W/m
2
 K 
Airtightness Closed building fabric n50 around 0.5 ac/h 
Subsoil heat exchanger Supply air preheating Supply air over 8˚C 
Hygienic ventilation Directed air flow through whole 
building; exhaust air extracted 
from damp rooms 
Total around 140 m
3
/h 
Heat recovery Counter flow air-to-air heat 
exchanger 
n>80% 
Latent heat recovery from exhaust 
air 
Compact heat pump unit for water 
heating 
Max. Heat load 1000 Watt. 
Annual COP > 3 monovalent 
system 
Passive utilisation of solar energy Optimised glazed areas Approx. 40% coverage of space 
heating requirement 
Super glazing 3-pane low-emissivity glazing U-value ˂ 0.7 W/m
2
 K – g-value> 
50% 
Super frames Super insulated window frames U-value ˂ 0.8W/m
2
 K 
Solar flat plate collectors Integrated in facade > 50% coverage of water heating 
Household appliances High-efficiency low-energy 
household appliances 
Savings of over 50% 
Supply of remaining energy Only Hannover-Kronsberg project: 100% demand coverage over 
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demand from renewable sources share in wind power facility annual average in Hannover 
 
*The specifications listed in the table above (Figure 4) are taken directly from the UK 
CEPHEUS proposal document from 1997. It was to these specifications that the housing for 
the project was built.  Clarification in relation to the specification for a reduced thermal 
bridge free construction was also included in this document and is described as follows –  
 
‘All connections will be optimised with the objective of minimising thermal bridges at 
economically acceptable cost. The goal of thermal bridge optimisation is to reduce 
the additional linear or point-shaped bridges to the geometrically unavoidable level: 
with reference to the outer surface, the thermal bridge loss coefficients are then close 
or equal to zero’ (CEPHEUS, 1997) 
 
In order to maintain the integrity of the low energy and environmental impact performance 
of the CEPHEUS Passivhaus dwellings it was understood that the energy load for all electrical 
appliances and any additional space heating should be kept to a minimum, hence the 
requirement that the specific energy load, under normal conditions of occupancy, should 
not exceed 42 kWh/ m2 a. 
 
The cost of building the houses was a key factor in the development of the CEPHEUS 
dwellings. The initial intention for the project was to produce housing that was cost efficient 
and that included for initial investments in ‘passive’ technologies that would not equate to 
more than the energy savings from running the housing over a 30 year period. There was 
also an emphasis, where possible, on the use of efficient equipment and appliances and pre-
fabricated building products.  
 
Cost benefits for the development of the CEPHEUS housing were seen in terms of the long 
term future but also occupancy comfort. The UK section of the original CEPHEUS proposal 
explained the potential that the development of the Passivhaus dwellings could have to 
impact on the house-building industry and wider environmental and energy saving targets in 
the UK as follows -  
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‘We believe that the Passive House would make it possible for the house construction 
industry to build commercially a significant number of Passive Houses by the year 
2005. Our calculations show that the early introduction of the Passive House concept 
can reduce carbon dioxide annual emission rate by up to 11 million tonnes per year, 
by the year 2020. Cumulative savings, by the year 2020, would be up to 100 million 
tonnes of carbon dioxide, and £10 billion of expenditure on energy. The savings 
would make a major contribution to the long term carbon emission reduction targets 
announced by the Secretary for the Environment in June.’ Robert Lowe (CEPHEUS, 
1997) 
 
As with the Kranichstein housing, the design of the CEPHEUS dwellings sought to use 
renewable energy technologies only when the overall heating and energy loads had been 
reduced through fabric performance and other energy efficiency measures such as the use 
of low energy appliances had been implemented. This thinking is described in the initial 
proposal for the CEPHEUS programme. It was intended that this concept be demonstrated 
in the Kronsberg housing which formed part of the EXPO 2000 fair in Hannover. This housing 
was linked to wind turbines located near to the development which also formed part of the 
EXPO -   
 
‘Concepts that primarily rely upon additive active systems for the renewable 
satisfaction of a still relatively high energy demand, or strive for full independence 
from outside sources, will most likely only be realisable with substantial subsidisation 
for the foreseeable future, and will thus not be generally viable in the market place. 
This also has to do with the fundamental physical fact that particularly solar energy is 
only available with low density, and in supply over time that does not coincide with 
demand. 
 
This is further aggravated by the problem that the quantitative availability of 
renewables, too is limited due to both natural circumstances and due to competing 
demands upon the use (or non-use) of natural resources. It is thus a generally 
accepted principle that the drastic reduction of energy demand is a decisive 
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precondition to any greater proportion of renewables in the total energy supply.’ 
(CEPHEUS, 1997) 
 
Strategically the development of the CEPHEUS housing was aimed at showing the technical 
feasibility and cost effectiveness of construction of Passivhaus dwellings in different 
European countries, thus allowing for different climatic conditions, construction traditions 
and skills cultures in the EU. It was also intended to test the ‘investor/purchaser’ acceptance 
of Passivhaus dwellings and provide a show case of housing that could be viewed by 
architects, designers, engineers and members of the public alike. It was also the intention 
that the project would work as a catalyst for the development of additional low energy 
housing and building schemes, programmes and designs throughout Europe. 
 
All the CEPHEUS housing was monitored and tested for its energy performance and 
acceptability in terms of occupancy comfort. The housing performed very well and met with 
most design expectations. On average space heating requirements were reduced by 90% 
against standard German housing. Significantly this was found to be the case throughout all 
the different developments in all the countries with the overall range of results being very 
small showing a deviation of only 8%. (CEPHEUS, n.d.). See Figure 5. 
 
The results from testing all the housing were used to feed back into the production of the 
PHPP (Passivhaus Planning Package) software that is now used to design Passivhaus 
standard buildings. Testing undertaken on Passivhaus buildings constructed post CEPHEUS 
has also informed further iterations of PHPP which makes up the basis of the Passivhaus 
standard today. 
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(PHI and iPHA, n.d.) 
Figure 5 - Results of CEPHEUS testing  
 
 
The Super Insulated House – A Brief History 
 
The first super insulated houses were built in North America and Canada in the early 1970’s 
shortly after the 1973 Oil crash. These designs were influenced by research undertaken from 
as early as the 1920s and 30s carried out by the University of Illinois, where exploration had 
been undertaken into the potentialities of gravity convection flow of hot and cold air in 
houses. Further research work had also been undertaken at the University of Illinois in 1944 
into methods of improving insulation in homes. This research led to the formation of the 
Small Homes Council (SHC) and the eventual development of experimental test housing. 
Some of the research undertaken by the SHC was published at this time in journals and 
books produced by ASHRAE (The American Society of Heating, Refrigerating and Air-
Conditioning Engineers), who are partly responsible for setting standards for the design of 
building services and building performance in the US today. 
 
In his book ‘Super Insulated Houses and Double Envelope Houses’ (Shurcliff, 1981) William 
Shurcliff describes how the name ‘super insulated’ was chosen to describe early low energy 
homes after deliberation with alternatives such as the ‘micro-load’ house and the 
‘autonomous’ house were rejected due to perceived negative political associations.  
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The term super insulated was eventually chosen as being –  
 
‘not an ideal name, but ...good enough’(Shurcliff, 1981) 
 
Shurcliff defines a super insulated house as being –  
 
‘ ...a house that is situated in a cold climate (4000 degree days or colder) and: 
receives only a modest amount of solar energy (for example, has a south-facing 
window area not exceeding 8% of the floor area) is so well insulated, and is so 
airtight, that, throughout most of the winter, it is kept warm solely by (a) the modest 
amount of solar energy received through the windows and (b) miscellaneous within-
house heat sources (intrinsic heat sources). Little auxiliary heat is needed: say less 
than 15% as much as is required by typical houses that were built before 1974 and 
are of comparable size. 
 
By ‘miscellaneous heat sources within the house’ I mean these intrinsic internal 
sources: 
Stoves for cooking 
Domestic hot water systems 
Clothes dryers 
Electric lights 
Clothes washing machines 
Dish washing machines 
Human bodies 
TV and radio sets 
Refrigerators 
Other electric devices (in kitchen, living areas, workshops, etc.)’ (Shurcliff, 1981) 
 
In this definition of a super insulated house, the auxiliary heating required would have been 
provided from either an oil or gas boiler, an electric space heating system, heat pump or 
wood-burning stove. The total auxiliary heating would not have met more than 15% of 
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relative heating requirements for a conventional house built in or before 1974, since it was 
found that the super insulated house would remain warm during the majority of the winter 
months with internal temperatures never dropping below 32˚F (0˚C). This meant that the 
house could remain comfortable and pipes would not need to be drained in winter since 
they would not freeze, (a factor which was normally a typical problem associated with cold 
climate housing in the winter months). 
 
The requirement to limit the window area on the south facade to not more than 8% of the 
total floor area was chosen to regulate the amount of solar energy from passive solar gains 
together with heat loss from glazed areas, thus allowing more stress to be placed on 
conserving heat emissions from internal casual loads from the miscellaneous heat sources. 
 
The North American super insulated homes used the basic design principles as outlined in 
Shurcliff’s book. At the end of his book however, Shurcliff remarks on potential refinements 
to the design principles and the additional performance benefits that could be gained from 
employing thermal mass, a high-COP (Co-efficient of Performance) air-conditioner and a 
solar collector to supplement the design performance of a super insulated house -  
 
‘A radically new method of supplying supplementary solar heat to super insulated 
houses-with-basement may convince owners of such houses that there really is a 
Santa Claus. The proposed method, designed to provide a moderate thermal boost 
and large carry-through, employs  
(1) an enormous thermal mass – the basement itself maintained at 60 to 75˚F  
(2) a high-COP air-conditioner to upgrade the transfer heat from the basement to the 
rooms, and  
(3) a small, cheap, air-type solar collector to replenish the basement’s heat on sunny 
days.’ (Shurcliff, 1981) 
 
Early examples of super insulated houses in North America are the Lo-cal House and the 
Saskatchewen Conservation house.  
 
64 
 
The Lo-cal House was built in 1976 after extensive research undertaken by the SHC. It was 
developed by a faculty team of architects and engineers inclusive of Professors Warren S. 
Harris, Rudard A. Jones, Wayne L.Shick and Seichi Konzo. This team built several test 
developments and issued publications detailing their performance and also recommended 
construction procedures.  
 
‘By 1971 Konzo had become convinced of the need to improve the insulation of 
ceilings and roofs, and make further improvements, which included optimisation of 
the distribution and sizes of windows. They designed a super insulated house (Illinois 
House) and tried to persuade ERDA (US Energy Research and Development 
Administration) to fund the construction of such a house. (ERDA declined.)’ (Shurcliff, 
1981)   
 
The initial development of the Lo-cal House evolved into a family of four designs known as 
A, B, C and D type houses which were considered by Shurcliff to be influential in the 
development of many super insulated dwellings in the US .  
 
The Saskatchewen Conservation house was built in 1977 by the Saskatchewen Research 
Council with the architect Hendrik Grolle. The project was managed by David Eyre and 
supported with research assistance from the National Research Council Division of Building 
Research, the University of Saskatchewen Department of Engineering, the University Of 
Regina Faculty Of Engineering and the Saskatchewen Power Corporation. This timber frame 
building was monitored for its performance from January 1978 with the production of 
significant data. Despite the fact that this was a test house, with thousands of people 
visiting it, the house performed to expected energy reduction targets. 
 
‘...in the period since monitoring was started, (Jan. 1978), R.W. Besant et al of the 
Mechanical Engineering Department of the University of Saskatchewen have 
amassed much interesting information. 
The annual amount of heat needed over and above what is supplied by intrinsic heat 
sources, passive solar heating, and active solar heating is: none. In other words the 
percent-solar-heated figure is 100%.’ (Shurcliff, 1981) 
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The following is a table devised by Shurcliff in which he describes the general performance 
of super insulated houses against specific criteria –  
Figure 6 - Shurcliff's findings in relation to the performance of the super insulated house 
‘Category Super Insulated House 
Greenhouse (conservatory) Has none. A greenhouse would lose much heat at night and thus greatly 
impair performance 
Requirements as to full exposure 
to sun in winter 
Moderate exposure may suffice. Only a moderate amount of solar energy 
is needed 
Comfort in winter Excellent 
Rate of air change in winter May sometimes be too low or almost too low. Use of air-to-air heat 
exchanger may be necessary 
Access from south rooms to 
south lawn 
Direct access is easily provided 
Access from south rooms to 
south air and sky 
Direct. Merely open south windows 
Requirements as to large thermal 
mass 
No requirement. There are no sudden large energy inputs or sudden large 
loads 
Amount of auxiliary heat needed None. Almost none. 
Wood stove or equivalent Not needed 
Amount of enclosed volume that 
is not kept warm at night 
Practically none. Only the attic space is cold. 
Spaces accessible to animals and 
children but not to adults 
None. 
Spaces requiring fire-stop 
dampers 
None. 
Cost of thermal shades – if they 
are needed 
Small. Windows are small. (Perhaps shades are not needed) 
Large vents in gables (for 
summer use) 
Not needed. There is no big heat load to dissipate 
Cooling requirement in summer Little cooling needed. Outdoor air cools rooms at night. On sunny day 
house is kept closed and eaves block direct radiation. 
Size of air conditioner needed on 
hot test days 
One small conditioner suffices. 
Privacy Excellent. Windows are small and sills are high above ground. 
Attraction to vandals Small. See item just above. 
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Durability and ease of 
maintenance 
Can be excellent. 
Incremental cost of super 
insulation  
Said to be small: about 0 - $2000 – small because saving re furnace etc. 
almost cancels cost of extra material and labor.’ (Shurcliff, 1981) 
 
After the development the Lo-cal House and the Saskatchewen Conservation House a 
number of super insulated houses were constructed in the US and Canada inclusive of the 
Roggasch House in Fairbanks Alaska, the McCulley and Laz Houses at Champaign in Illinois, 
the Kirkwood House at Cedar Rapids in Iowa and the Super insulated Dome in New Mexico. 
William Schurciff makes the following estimate of numbers constructed up until 1980 in his 
book -  
 
‘Estimates made by friends suggest that by August 1980 as many as 50 or 150 super 
insulated houses had been completed and 500 to 1500 others were under 
construction’ (Shurcliff, 1981) 
 
Where these examples were tested, data has indicated that they performed well and 
reduced space heating demands. They were also shown to be relatively inexpensive to build 
with additional costs in the region of 10-15% above conventional build costs for housing 
(Shurcliff, 1981)William Shurcliff tables his delight in the simplicity of super insulated houses 
in this quotation from his book below -  
 
‘I am wholeheartedly enthusiastic about super insulated houses. They are simple and 
inexpensive, and they seem fully understandable and fully successful. (Sometimes I 
feel that they are so very simple and understandable as to be no fun! Surely mystery 
and complexity add zest to our lives? (Shurcliff, 1981) 
 
 
Wates Conservation House, The Centre for Alternative Technology, Machynlleth, 
Wales 
 
The publication ‘Energy and Buildings at the Centre for Alternative Technology, Technical 
Information Report No. 1’ (Todd, 1979) by Robert Todd documents the development of the 
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super insulated house, Wates Conservation House which was built, on site, at the Centre for 
Alternative Technology in Machynlleth, Wales between 1975 -1976. 
 
Wates Conservation House was funded, built and supported by the UK home builder and 
contractor ‘Wates Built Homes’. It was developed as a demonstration project to show what 
could be achieved in terms of low energy building performance using existing building 
technologies. The house was designed by architects Peter Bond Associates with the remit to 
be built to ‘a fairly conventional appearance and size’ and within a budget of ‘£20,000’ 
(Todd, 1979).The aim was to concentrate efforts on reducing energy demand rather than 
supplying additional energy from external sources such as on-site renewable energy 
technologies. The intention was to initially maintain a grid connection so as to ensure that 
the house would be an appropriate example for many different locations. 
 
The house was built to be used as a demonstration house so as to stimulate public interest 
in low energy housing but also to gain research data into the experiences of building with 
high levels of insulation and using heat pump technology. 
 
As with the North American super insulated houses, Wates Conservation House employs a 
high level of insulation which encases the building from the walls through to the roof and 
continues beneath the ground floor. This is the same principle as is also used for Passivhaus 
designs today. 
 
In common with the early North American super insulated homes, the Wates Conservation 
House has a small glazed area but uses quadruple rather than double or triple glazed 
windows. Due to the high degree of air-tightness, this house employs ‘mechanical 
ventilation’ (sic)(Todd, 1979) and is designed with a high level of thermal capacity to take 
advantage of incidental gains and with the intention to control potential local overheating. 
The internal air temperature was designed to be 18˚C and a heat pump was used for the 
domestic hot water supply.  
 
The Wates Conservation House was built with the aim of minimising energy use for space 
heating but also energy for cooking and lighting with the house being designed to use ‘low 
68 
 
energy lighting appliances’ (sic)(Todd, 1979). Water supply is supported through the use of 
rainwater harvesting from the roof, with the water being filtered and used for all purposes 
within the house with the exception of drinking. 
 
Unlike the North American super insulated houses which frequently use timber frame 
construction methods, the Wates Conservation House is built using the cavity wall 
construction technique. The outer skin is brick and the inner skin is Thermalite block with 
the 450mm cavity filled with ‘Dritherm’ glass fibre insulation. The outer wall which is 
internally buttressed is tied to the inner wall at the buttresses with the insulation being laid 
in vertical planes allowing condensation to run down them. The calculated U-value for the 
walls is ‘0.075W/m2 K’. (sic) (Todd,1979). 
 
The roof uses 450mm insulation in a naturally ventilated space with a vapour barrier 
beneath the insulation. Todd outlines that some problems were experienced with this 
demonstration house specifically in relation to levels of condensation in the roofing felt. 
 
The calculated specific heat loss rate for the house was ‘66W/˚C’ (sic).(Todd, 1979) and the 
peak heating demand was measured at 1.2 kW. When loads from incidental gains were 
taken into account this reduced to an average of 8kWh/day or as stated by Todd, (without 
typo correction), ‘8 kW/day’ (sic) (Todd, 1979)in December and January with about 950 kWh 
(sic) (Todd, 1979) over the entire heating season. This is as compared to about 13,000 kWh 
for a conventional house of the same size built at the same time, or a reduction to less than 
10% of conventional space heating demand.  
 
Space heating was provided using an air to air heat pump with the intention that this could 
also be reversed to allow for summer cooling if necessary. During the hot summer of 1976, 
the house remained comfortable and did not require cooling from the heat exchange unit. 
The unit did not however provide sufficient warmth during the coldest periods to provide a 
comfortable internal temperature, therefore additional space heating was installed with a 
propane fired gas boiler installed outside the house linked to two internal radiators. The 
high degree of insulation did however reduce the need to distribute the heat around the 
house with only the  ‘two radiators’ (Todd, 1979) required. 
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Since its construction, the Wates Conservation House has been converted into offices and a 
demonstration exhibit.  Anecdotally it is said that it was difficult to live in this house for a 
long duration of time, however the dwelling still functions operationally as offices and a 
display house at CAT.   
Milton Keynes 
 
The development of low energy housing and super insulated housing in the UK is also linked 
to the development of new towns such as Milton Keynes. 
 
At the end of the 1960s before any general political acknowledgements of climate change, 
but with an awareness of the fragility of geo-political events surrounding oil supply and 
before the on-set of mass gas central heating installations in UK homes, the development of 
new towns such as Milton Keynes offered the potential for new thinking about the way we 
heat and power our homes. 
 
Milton Keynes which had its inception as a town in 1967 developed its first master plan in 
1972 with the aim of being one of Europe’s and the UK’s most energy efficient cities. 
Strategies were employed as part of the design of Milton Keynes to try and minimise overall 
energy use from homes, the work-place and transport. Key developments of experimental 
low energy housing were initiated in Milton Keynes such as the Bradville Solar House, The 
Linford project, Summerhayes and the Pennylands developments. Thus the precedent for 
the development of experimental low energy housing in Milton Keynes was set, with this 
being continued in to the 2000s. 
 
As part of the low energy housing projects built in Milton Keynes, developments which 
combined the use of passive solar design principles and high levels of insulation were built, 
these included projects such as 2 Mile Ash which was built using a kit of parts from Finland 
and used triple-glazed ‘low-e’ windows together with mechanical ventilation with heat 
recovery and high levels of air-tightness, similar to north American super insulated homes. 
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Milton Keynes is also the location of the Energy World development of 51 low energy 
homes located in the Shenley Lodge area of the city. This project was supported by the UK 
Construction Industry Council. (Smith, 2007) 
 
The Autonomous House 
 
In response to information presented at the UN Conference on the Environment which was 
held in Stockholm in 1972, Alexander Pike and John Frazer who were teaching architecture 
at Cambridge University in the UK, set up a research unit to design and develop buildings 
that could function as ‘independent, ecologically autonomous units’ (Peder, 2010). As an 
extension of Alexander Pike’s work Brenda Vale, who was one of his students, set up her 
own community the ‘Soft Technology Research Community’ on a farm in Montgomeryshire, 
Wales. The aim of the community was to explore the development of affordable, low energy 
buildings that used passive solar design principles and did not lose heat. The result of this 
experimentation was the production of a house which was built by Brenda and her husband 
Robert which was known as the ‘Autonomous House’ because it was not linked to either grid 
electrical supplies or mains water and drainage systems and instead acted as a ‘closed 
ecological system’ (Peder, 2010). 
 
This project was considered of specific interest at the time because of the fact that it also 
used technology that had been applied during space exploration such as hydrogen and 
oxygen fuel cell units. 
 
In contrast to other approaches used in the development of many autonomous 
communities, which the Vales saw as being ‘drop-out centres for those of independent 
private means’ (Clarke and Clarke, 1974) that had evolved at a similar time in the US and UK, 
the Vales saw their community as being ‘important to the survival of mankind’ (Vale and 
Vale, 1975) especially in the event of any kind of environmental disaster inclusive of that 
created by global resource depletion, ‘war or nuclear attack’. (Vale and Vale, 1975)  
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The Hockerton Housing Association 
 
The development of the Autonomous House provided Brenda and Robert Vale with the 
means and understanding to develop the housing which formed the Hockerton Housing 
Association. The Hockerton Housing association is situated on a 25 acre site just outside the 
village of Hockerton in rural Nottinghamshire. It consists of five earth-sheltered houses and 
was developed by members of the Hockerton Housing Project, inclusive of the Vales, from 
1993. 
 
The aim of the project was to build sustainable low energy housing that would have low or 
minimal environmental impact. The houses were designed to be part of a community that 
would use home grown and locally produced food and fish that had been farmed as part of 
the project.  The aim was also to develop ecological and environmental businesses on the 
site. 
Despite an extensive and prolonged struggle with local planners, the Hockerton housing 
project gained planning permission in 1996.  This permission was considered historic since 
this was the first post war sustainable housing project that gained permission to be built on 
agricultural land. The housing was however only granted permission on condition of a 
Section 106 planning agreement which stated that it would also provide – 
"... a real and substantial connection between the occupants and the co-operative". 
(HHP, 2002) 
This meant that there was a requirement for those living in the housing to set up a legal 
agreement binding them into the co-operative. 
Funding for this project was also unusual in that lending to supplement the housing 
association’s own money was obtained from the alternative bank the Co-operative Bank and 
the Ecology Building Society, since more conventional lenders were frightened by the self-
build nature of the project.  
Brenda and Robert Vale acted as the architects for the housing choosing a modular 
construction system for ease of building and to reduce costs. In terms of energy 
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performance the housing was designed to be ‘net zero-energy’(HHP, 2002) and thus employ 
the use of on-site renewable energy systems to supplement an efficient fabric performance 
which would limit the need for space and domestic hot water heating. The houses were 
designed to be super insulated and therefore only use about one tenth of the heating 
energy in comparison to a conventional house at the time or approximately ‘10kWh per day’ 
(HHP, 2002) .Heat pumps were used to provide the hot water which was stored in thermal 
stores, and due to the low levels of air-permeability, MVHR was employed. Double and 
triple- glazed windows were used as appropriate for different parts of the houses. 
The Hockerton houses were designed to have internal temperatures ranging between 19-
21˚C throughout the year. The internal temperatures were however found to vary between 
the different houses due to different occupancy levels. On average they were found to 
maintain indoor air temperatures at 18-20˚C. Monitoring of overall energy levels has shown 
these to roughly comply with predictions but with some homes using considerably more 
energy than anticipated, this has particularly been the case in homes with  
‘teenage children in residence’. (HHP, 2002) 
Once the children had left home a marked reduction in energy use was noted. 
 
The Zero-Heating House, Peterculter, Aberdeen, Scotland 
 
The four bedroom, Zero-Heating House, Peterculter, Aberdeen, Scotland was built in 2000 
by Chartered Architect, Gokay Deveci. This house was constructed on a semi-urban site 
surrounded by more ‘conventional’ homes. The client’s aim for this project was to construct 
a future-proof, low energy family home, but at an affordable price. 
 
This house was built using a super insulated fabric, triple low-e glazing, mechanical 
ventilation with heat recovery and sustainable locally resourced materials. While the house 
was designed not to use heating, a ‘back-up’ wood burning stove system was also provided.  
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This dwelling was constructed using a timber ‘I’ beam system which was quick to build and 
which allowed for a large depth of insulation. This was then clad in ‘locally sourced larch 
cladding and clay pantiles’(IEA, n.d.) 
 
When comparisons were made between the capital cost, maintenance, operational costs 
and residual costs, the Zero-Heating House was found to be cheaper than a standard house 
and a traditional rural house in all respects except for the maintenance costs which were 
found to be the same as those for a standard house. 
 
When monitored the Zero-Heating House was found to perform largely as anticipated by 
reducing the need for space heating by 80% of conventional requirements for a standard 
house at the time . (IEA, n.d.) 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
(IEA, n.d.) 
Figure 7 - Comparison of Peterculter Zero-Heating House with alternative dwellings 
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BEDZED 
 
Post the development of the all the projects described above, a significant development of 
low energy housing was constructed in Sutton south London by the Bioregional 
Development group with the Peabody Housing Association and Bill Dunster Architects. 
 
BEDZED or the Beddington Zero (Fossil) Energy Development is a mixed-use scheme of 82 
homes and 2,500m2 of commercial space. It was completed and occupied in 2002. The aim 
of the scheme was to enable its residents to live a more sustainable and energy efficient 
lifestyle, thus the design of the project encompasses measures which range from on-site 
renewable energy technologies to a car-share scheme. 
 
The project was designed to reduce the need for space heating via increasing insulation 
levels of the fabric while employing passive solar design principles. The air-tightness 
parameters for the housing and offices was also designed to be much higher than more 
conventional housing at 2 ach @ 50 Pa as opposed to the current building regulations 10 
ach @ 50 Pa. The housing also uses specially designed natural ventilation wind cowls that 
employ heat recovery mechanisms. These were installed on the roofs of this development 
to support the more conventional natural ventilation strategy that was achieved through 
opening and closing windows. 
 
The internal temperatures were designed to be not less than 17˚C so that –  
 
‘during periods of in-occupancy, a back-up trickle heat source is activated if 
temperatures fall below 18˚C.’ (Lazaraus and Bioregional Development Group, 2004) 
 
The performance of BEDZED was monitored and it was found that the wind cowls did not 
perform as anticipated and that over-heating became a problem during the hottest days in 
summer for some of the dwellings. In conjunction to this the biomass CHP (combined heat 
and power) on-site renewable energy system that  was designed to provide power for the 
development and heating for domestic hot water and top-up space heating failed to work as 
anticipated, leaving residents without hot water during some winter months. Despite initial 
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teething problems the development was and still is considered exemplar and is popular with 
residents. 
 
 
Passivhaus in the UK 
 
 
On 17th January 1997, Dr. Robert Lowe from Leeds Metropolitan University made a proposal 
to participate in the CEPHEUS (Cost Efficient Passive Houses as European Standards) 
programme with the intention of building 10 UK dwellings, 6 of which were to be semi-
detached houses, built to the Passivhaus standard, in the village of Leonminster, UK. 
Unfortunately, this proposal, which was funding dependent, did not receive the necessary 
UK support to proceed.  
The CEPHEUS programme progressed in the other five European countries that formed part 
of the proposal, resulting in the construction of 229 dwellings built to the Passivhaus 
standard. These dwellings were monitored to provide performance feedback to support the 
development of the PHPP (Passivhaus Planning Package) design software and the eventual 
development of the Passivhaus standard. 
Had the UK CEPHEUS programme commenced, the first Passivhaus buildings in the UK 
would have been completed by 1998/9 with energy and Post Occupancy Evaluation (POE) 
performance results being presented at the EXPO 2000 World Fair in Hannover in Germany. 
In 2005 BRE (formerly the Government Institute the Building Research Establishment which 
was fully privatised in 1997) became a representative of the Passivhaus standard in the UK.  
According to a representative of BRE Wales who was interviewed in 2011 – 
‘BRE actually set up Passivhaus about four years ago so we were probably the first 
organisation to bring Passivhaus to the UK and it actually came from a chance 
meeting from a couple of colleagues from BRE in Watford who were over in Germany 
and basically came across it and showed a level of interest so they therefore bought 
the concept over here and it has kind of grown ever since then’ (Lynch, 2011a) 
It was not until the spring of 2009 that the UK saw the completion of its first accredited 
Passivhaus dwellings and an office building, the Canolfan Hyddgen (Community Centre) in 
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Machynlleth, Wales. This was twelve years after the CEPHEUS programme. This 
development is documented as a case study as part of this research. 
 
The Code for Sustainable Homes and the Zero Carbon Hub (ZCH) 
 
With the launch of the European Commission Directive 2002/91/EC in 2002 which is known 
in the UK as The Energy Performance of Buildings Directive (EPBD), the UK government set 
out strategies to improve the UK Building Regulations that relate to the energy performance 
of buildings, specifically Part L – The Conservation of Fuel and Power and Part F (Means of 
Ventilation). Revisions to Part L of the Building Regulations were implemented in 2002, 2006 
and most recently in 2010 and 2013. Further iterations are intended for 2016. The aim of 
these progressive revisions to Part L in the UK has been to lead the UK construction industry 
towards the eventual delivery of ‘zero carbon’ buildings. 
In conjunction to the Building Regulation revisions, the UK government together with BRE 
introduced revisions to the BREEAM (Building Research Establishment Environmental 
Assessment Method) suite of environmental standards for the assessment of buildings.  As 
part of this suite of assessment tools, the Code for Sustainable Homes (CSH) was launched 
on 13th December 2006 (CLG, 2006). 
The CSH was finally introduced as an operational standard in England and Wales in April 
2007. The CSH standard has six levels of achievement with level six being the highest or 
’zero  carbon‘ level. To coincide with the launch of the CSH, the government announced 
targets that all new housing built in England should be ’zero carbon‘ by 2016, with all new 
non-domestic buildings should to be built to ‘zero carbon’ standards by 2019 (CLG, 2007) 
In the European and the global context the CSH exists as one of a palette of many different 
design standards for low energy building design. Within these parameters, the Passivhaus 
standard, which can be applied to both domestic and non-domestic buildings and to 
refurbishment projects is currently seen by many as the world’s leading low energy design 
standard. 
The UK’s CSH, as its name suggests is only applicable to housing and currently, at the time of 
this research, using 2010 reguglations, only new-build and not refurbishment projects. If the 
CSH and Passivhaus standards are directly compared, research undertaken by the AECB, 
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(one of at least four current organisations inclusive of BRE who represent the Passivhaus 
standard in the UK), suggests that Passivhaus relates roughly to CSH Level 4/5 in terms of 
energy performance or a 44% reduction in CO2 emissions against the requirements of the UK 
Building Regulations Part L 2006 (AECB, 2008). Taking this into consideration, it may appear 
that the Passivhaus standard does not theoretically extend as far as UK government 
ambitions for absolute ‘zero carbon’ designs as outlined in the report ‘Building a Greener 
Future and the Code for Sustainable Homes (CSH)’(CLG, 2007) There are however significant 
differences between the CSH and the Passivhaus standard which have been highlighted by 
the UK Passivhaus Trust.  
 
To examine this issue further, the Passivhaus Trust produced analysis to compare a building 
built to the Passivhaus standard with UK Building Regulations Part L 2010. This is 
documented in their report ‘Passivhaus and Carbon Compliance’ April 2011 (Passivhaus 
Trust, 2011). 
 
In this report it is argued that as the UK Building Regulations move progressively towards 
the 2016 ‘zero carbon’ target, then the energy performance requirements of the Passivhaus 
standard present a more convincing approach to achieving this target than the adoption of 
the UK Building Regulations combined with the highest levels of the CSH as is intended in 
the UK. This is demonstrated in the extract from the report below, which outlines some of 
the complex measurement criteria used to achieve UK building regulations Part L and the 
difficulty of comparing Part L with the Passivhaus standard –  
‘It is not easy to directly compare Passivhaus with the DER/TER method of Part L. 
Firstly, Part L is essentially carbon-based, whereas Passivhaus is an energy standard. 
Moreover, Part L is concerned with regulated emissions (those due to heating, hot 
water, fixed lighting and ventilation) whereas Passivhaus includes targets for both 
heating demand and primary energy (including household appliances)... 
Part L 2010 sets a target emissions rate TER equivalent to 25% of Part L 2006. 
According to our estimates, after adjusting for technical differences and using 
appropriate assumptions as discussed above, the Passivhaus standard can deliver 
savings of 23-47% in regulated carbon emissions over 2006’ (Passivhaus Trust, 2011) 
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Figure 8 - Comparison between Passivhaus and CSH Homes 
 
 
 
 
 
 
 
 
 
(Passivhaus Trust, 2011) 
The above analysis from the Passivhaus Trust is conducted using both SAP (The Standard 
Assessment Procedure) and PHPP to design ‘model’ Passivhaus buildings. It should be noted 
that comparisons between the SAP and PHPP softwares conducted by both the ZCH and the 
AECB conclude that SAP is currently not sensitive enough to model a dwelling designed to 
the Passivhaus standard, or arguably ‘zero carbon’ parameters. (Passivhaus Trust, 2011) 
The CSH design criteria also differ from Passivhaus design in a number of ways inclusive of 
the fact that overall performance is measured in terms of CO2 or carbon as opposed to 
energy in kWh, there has been a specific requirement for on-site renewable energy 
technologies for higher levels of the Code, and there are also requirements for additional 
sustainability measures such as water conservation and sustainable materials to be used as 
part of the build. 
The realism of attaining CSH Level 5 and the Government 2016 ‘zero carbon’ Level 6 target 
for all UK housing has however been in question for a number of reasons and has recently 
been examined as part of a government review by the Zero Carbon Hub. Of note is the 
applicability of on-site renewable energy technologies to all types of locations and 
environments, especially built- up urban areas. In conjunction with this, arguments exist to 
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show that some on-site micro-renewable energy technologies are neither cost effective or 
the most efficient method for energy generation in either the individual or the national 
context. The recent Encraft and Warwick University report ‘Microwind: A Catalyst for 
Change in UK Energy Culture’ (Encraft et al., 2009) about micro-wind generation 
demonstrates this point in relation to on-site wind generation and questions have been 
raised in relation to how cost-effective PV installations are for individual domestic sites.  
Taking the above into consideration, the Passivhaus standard could be considered an 
effective and reliable way to approach ‘zero carbon’ building design since it sets out base 
parameters for a highly efficient and holistic fabric design which, if implemented correctly, 
provides significant space heating and cooling reductions of around 80% (PHI and iPHA, 
n.d.)in comparison to current existing housing. In conjunction with this the Passivhaus 
standard sets out specific annual heating and/or cooling energy use and primary energy use 
targets as peak design loads in kWh/m2. This unit of measurement is well understood and 
currently used by the construction and building design industry as the standard for the 
measurement of energy use in buildings, as is the concept of designing to peak energy loads. 
The metric of CO2 or carbon was first introduced in the UK to understand building 
performance with the introduction of Part L in 2006 which was a revision of Part L 2002, as a 
UK response to the requirements of the EPBD. 
Some research is also beginning to demonstrate that PHPP may offer a more reliable 
method for the delivery of low energy and reduced thermal bridge buildings. According to 
John Trinick in his paper ‘Passivhaus vs. the UK approach – a non-technical comparison’ 
(Trinick, n.d.) PHPP is better able to facilitate the design of low energy homes than SAP 
because it compares a building’s energy use to a fixed rather than a notional target as used 
in SAP and with this it rewards good initial design of efficient the shape of a building. Trinick 
also considers that PHPP better enables the design of thermal bridge free buildings since – 
 
‘ PHPP, the Passivhaus model, is based on external measurements of the building, 
these being inherently larger, build in a margin into the standard calculation of heat 
loss. This has the effect of eliminating some of the academic thermal bridges present 
in SAP such as normal wall corners – which are really just created by geometric 
oddity rather than poor construction. The result with Passivhaus is that the architect 
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can produce a ‘thermally bridge free’ design and no consultant ever needs to do a 
calculation. Thermally bridge free designs can be verified by simple inspection of 
junctions, using a rule of thumb’ (Trinick, n.d.) 
 
Since the development of the Passivhaus standard after the CEPHEUS trials, it has been 
adopted by many cities and regions in mainland Europe inclusive of the city of Frankfurt 
(Laible, 2010a). On 16 November 2009, the EU Parliament and EU Commission who 
instigated the EPBD, for the first time defined the intention for the development of a 
Europe-wide standard for ‘zero-energy’ buildings which would take into consideration the 
Passivhaus standard. 
While the Passivhaus standard has evolved through the CEPHEUS programme with a 
database of information gathered from the metering and monitoring of the original 229 
houses, the CSH was introduced without similar testing in the UK. While various CSH homes 
have and are being monitored privately, a consistent programme for evaluation of the 
standard through metering and monitoring is currently in development. This is after the 
launch of the standard. It could be argued that the CSH was introduced as part of a ‘knee-
jerk’ political impetus to help the UK meet the requirements of the EPBD. 
Since the development of the first Passivhaus designs in the UK, and the introduction of the 
CSH, industry understanding of both the Passivhaus standard and the skills required to 
design and build low energy buildings has been growing. The rapid introduction of recent 
new legislation and assessment tools and the appearance and rise of non-indigenous 
standards such as Passivhaus alongside the CSH have however led to some degree of 
confusion, firstly as to the precise definition of the new ‘zero carbon’ targets and secondly 
as to the best ways that Part L and the CSH requirements can actually be met. 
After ‘The Calcutt Review of Housebuilding Delivery’ (Calcutt, 2007) identified the need for 
an independent body to help manage the process for the delivery of ‘zero carbon’ buildings 
in the UK, the Zero Carbon Hub (ZCH) was established with the remit to try and promote  
Construction industry change and clarify Government targets.  The ZCH is a ‘Quango’ or 
private-public partnership formed from a body of industry stakeholders with specific 
knowledge about low energy housing design, but also linked directly to the UK Government. 
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Through the processes of consultation and research, this organisation has been working 
with the construction industry to try and define and refine the Government 2016 and 2019 
‘zero carbon’ targets and present a final definition for ‘zero carbon’. This research 
culminated in the production of the report ‘Carbon Compliance – Setting an Appropriate 
Limit for Zero Carbon New Homes, Findings and Recommendations’ (ZCH, 2011a)in February 
2011. This report concluded that the original UK government target for ‘zero carbon’ homes 
should be defined according to parameters for Carbon Compliance in kg CO2/m
2 a. inclusive 
of the use of either on-site renewable technologies or ‘Allowable Solutions’. ‘Allowable 
Solutions’  is the term used in the report to describe  
 
‘Forms of carbon abatement delivered off-site which mitigate any residual carbon 
emissions from a building once onsite requirements have been met. Specific details 
have not yet been announced’ (ZCH, 2011a) 
In the report, ‘Carbon Compliance’ is dependent upon the type of dwelling with dwelling 
sizes based on a notional detached property of 118m2, attached property of 76 m2 and a low 
rise apartment of 66 m2 as follows –  
 ’10 kg CO2 (eq)/m
2/year for detatched houses’ 
 ’11 kg CO2 (eq)/m
2/year for attached houses’ 
 ’14 kg CO2 (eq)/m
2 year for low rise apartment blocks (four storeys and 
below)’(ZCH, 2011a) 
With the acknowledgement that –  
‘We note that over the years following 2016 the carbon emission factors for gas and 
grid electricity are likely to change and, at some point, the relative attractiveness of 
gas and electrical options (in terms of Carbon Compliance) may reverse. These effects 
are too speculative to steer our recommendations for 2016, but they are worth 
noting as they may feature strongly when regulations are revised in 2019.’(ZCH, 
2011a) 
Following the release of this report in February 2011 a further report was released by the 
Zero Carbon Hub in July 2011 with the aim of providing some definitions for ‘Allowable 
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Solutions’(ZCH, 2011b). In the executive summary of this report, ‘Allowable Solutions’ are 
described as follows –  
‘Allowable Solutions are a new concept. The developer will make a payment to an 
Allowable Solutions provider, who will take the responsibility and liability for ensuring 
that Allowable Solutions, which may be small, medium or large scale carbon-saving 
projects, deliver the required emissions reductions. Allowable Solutions are central to 
the overall policy of ensuring zero carbon is affordable, hence per unit of carbon 
saved, they must (initially at least) be cheaper than Carbon Compliance measures. 
However it is also recognised that the right framework for Allowable Solutions 
provides a platform for wider engagement with business and community, and 
presents opportunities for strong connections with both sustainability and localism.’ 
(ZCH, 2011b) 
In conjunction to the remit of defining ‘zero carbon’ the Zero Carbon Hub have also been 
involved in discussions to revise the UK Building Regulations Part L – The Consumption of 
Fuel and Power and Part F – Ventilation, and have supported the production of guidance for 
designers to help them achieve the requirements of these regulations. 
 
BRE Innovation Park 
 
To support the launch of the CSH, BRE started to develop their Innovation Park at Watford, 
located geographically very close to Milton Keynes, the site of many early super insulated 
homes. This park contains five test houses designed to meet various levels of the CSH up to 
Level 6, the CSH highest level. BRE credit the Innovation Park as being the location for the 
first net-zero carbon home, the Kingspan house which reached CSH Level 6 or the CSH ‘zero 
carbon’ level in design.  
All of the housing at the Innovation Park was developed in conjunction with key UK house 
builders such as Barratt and Stewart Milne. The Barratt house on this site is accredited by 
BRE as being the first - 
‘zero carbon, CSH Level 6 home to be built by a major housebuilder’ (Barratt, n.d.) 
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None of the houses on this site are inhabited but all have and are being tested to various 
different degrees of performance inclusive of their energy use. Many lessons have been 
learnt from this housing particularly in relation to main-stream construction industry design 
and production skills and understanding. For example, the Kingspan project The Lighthouse 
which was designed by architects Sheppard Robson in conjunction with engineers Arup, cost 
over £1m and was developed to meet the requirements of CSH Level 5-6. Despite being 
‘Highly Commended’ in the 2007 Green Construction awards and winner of the ‘Energy 
Efficient Project of the Year’ 2007 in the Builder and Engineer Awards, it did not achieve the 
air-tightness parameters that would be needed to meet the Passivhaus standard or initially 
meet all the CSH design requirements (Olcayto, 2007). 
The Sigma House which was built at the BRE Innovation Park by contractors Stewart Milne 
was the first house in the UK designed to CSH Level 5, or the near ‘zero carbon’ level, as 
such and in similarity to the Lighthouse it included for micro renewable generation 
technologies as part of its design, for example micro scale wind turbines.  The Sigma House 
was tested and monitored by Oxford Brookes University with research being led by Dr. 
Fionn Stevenson. Unlike the Lighthouse, this dwelling was partly occupied for the duration 
of the monitoring by a family of four who lived in the house for two weeks of every season 
of the year. Conclusions from the testing of this house included that micro renewable 
generation technologies such as micro wind should be avoided since they are prone to fail – 
as described by Stewart Dalgarno from the contractors Stewart Milne in a presentation 
using the findings from Oxford Brookes University and the term ‘bling’ to describe the micro 
renewables - 
 ‘Avoid the eco-bling – it fails’ (Dalgarno, n.d.) 
It was also concluded that too many contractors and lack of integrated site management led 
to a sub-optimal delivery of the project and that it was important that any control systems 
installed for the house as a whole and for the control of thermal comfort and renewable 
energy technologies should be easy to use by occupants - 
 ‘importance of an easy to use, easy to understand user manual’ (Dalgarno, n.d.) for 
the house.  
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The results of these recent tests of the housing built to high levels of the CSH at the 
Innovation Park and elsewhere in the UK has started to reveal potential problems with the 
CSH as a vehicle for achieving ‘zero carbon’ homes, but also for the potential for current UK 
design and construction skills to meet the government ‘zero carbon’ targets or the more 
stringent fabric performance criteria needed for the Passivhaus standard. 
‘All those building on the BRE Innovation Park recognised the need to address skills 
shortages in the industry. Design, site supervision and sales will all need to develop 
new skills to deliver these energy-efficient dwellings to end users’ (Gaze et al., 2008) 
Further recent case studies produced by the UK Government department – The Department 
for Communities and Local Government (CLG) have shown that other housing developed to 
meet the CSH Level 3 and above has been shown not to perform entirely as designed, 
mostly due to quality of construction but also the design and installation of building services 
and the performance of on-site renewable energy technologies such as biomass heating as 
demonstrated in the review of the Mid-Street development document in the DCLG 
publication ‘The Code for Sustainable Homes – Case Studies’ from 2009. 
‘Generally the occupants have been satisfied with the development, but they have 
experienced some irritation with the erratic working of the biomass boiler system’ 
(DCLG, 2009) 
Further examination of three CSH Level 5 homes, which should theoretically meet similar 
fabric design performance criteria to the Passivhaus standard, documented in the above 
report, show that while they meet near Passivhaus fabric insulation levels, they do not meet 
Passivhaus air-permeability requirements and only two out of  the three use MVHR, which is 
used as part of Passivhaus design. The energy performance of these dwellings is still to be, 
or is currently being, tested. 
The table below compares the performance of three recent UK developments designed to 
CSH 5 and documented by the DCLG. While all the developments achieve a design rating of 
CSH 5, all have quite variable air-permeability parameters. 
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Figure 9 - Comparison table between CSH Level 5 homes 
Code for Sustainable Homes (CSH) Level 5 Case Studies 
Project Title The Old Apple Store, 
Stawell, Somerset 
C02 Zero, Bristol Mid-street, South 
Nuffield, Surrey 
Development Type Private housing, 5 units, 
detached and terraced 
residencies 
9 x two-bedroom, 
three storey live-work 
units 
2 x two-bedroom flats 
Construction Type Glulam frame with 
Orientated Strand Board 
(OSB) 
Solid cross-laminated 
timber panels with 
external insulation 
and render. 
Aluminium sheet roof 
with upstand seam 
and curved profile 
Structural Insulated 
Panel System (SIPS) 
and beam and block 
flooring with mineral 
wool and expanded 
polystyrene insulation 
Key Sustainability 
Features 
Photovoltaic cells, solar 
thermal water heating, 
wood pellet boilers, 
rainwater harvesting 
Photovoltaic cells, 
biomass pellet boiler, 
MVHR, green roof, 
rainwater harvesting, 
low flow rate sanitary 
ware 
Photovoltaic cells, 
biomass pellet boiler, 
MVHR, rainwater 
harvesting, low flow 
rate sanitary ware 
External Fabric 
Performance 
U-value 0.14 W/m2 K U-value 0.10 W/m2 K U-value 0.14 W/m2 K 
Roof  Performance U-value 0.12 W/m2 K U-value 0.10 W/m2 K U-value 0.13 W/m2 K 
Floor Performance U-value 0.15 W/m2 K U-value 0.10 W/m2 K U-value 0.14 W/m2 K 
Doors and 
Windows 
External doors – U-value 
1.1 W/m2 K 
Triple glazed windows U-
value 1.2W/m2 K 
Roof lights – U-value 
1.1 W/m2 K 
External doors – U-
value 1.4 W/m2 K 
Triple glazed windows 
– U-value 0.7 W/m2 K 
Shop front windows – 
U-value 1.2 W/m2 K 
External doors –  
U-values 1.2 W/m2 K 
Triple glazed windows 
U-value 0.8W/m2 K 
Air-permeability 2.17–2.57 m3/h @ 50 pa 1.2 m3/h @ 50 pa 4.9 m3/h @ 50 pa 
(Lynch, 2010) 
 
CarbonLite and the AECB 
 
In 2005 the AECB was awarded £140,000 by the Carbon Trust as part of their Networks 
Programme with part of this money being matched by the AECB and used to develop the 
‘Carbonlite’ programme and standards (Reason, 2012).The Carbonlite standards are a set of 
three standards for the design of low energy buildings which use the principles of the 
Passivhaus standard at their core. The standards are described on the Carbonlite website as 
being at the heart of the Carbonlite programme -  
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‘A 3-stage set of realistic and workable energy performance standards lies at the 
heart of the CarbonLite Programme. Applicable to both residential and non-
residential buildings, these performance standards act as clear and achievable 
targets designed to help guide all those involved in the delivery and use of energy-
efficient, low-carbon new-build properties.’ (AECB, n.d.) 
  
The three standards are the silver standard which has overall energy performance targets 
similar to those for Passivhaus, the actual Passivhaus standard which is the application of 
the Passivhaus design standard to the UK and the final and highest standard which is the 
Gold standard that uses Passivhaus as its base and has an additional requirement for 
energy-efficient electrical appliances, and demands a greater emphasis on electricity-
producing renewables to offset power used for lighting, appliances and ventilation.  
‘The AECB launched its standards in July 2006 and a survey of members suggests that 
already well in excess of 200,000 m2 of homes, offices and educational and 
community buildings designed mostly to the AECB Silver standard, but with a 
significant number to Gold standard, are already under development’. (AECB, n.d.) 
 
The Carbonlite standards are currently known to members of the AECB, which is a private 
organisation, but are not commonly used within the construction industry as a whole which 
mostly operates within the parameters of the legislative status quo – thus working towards 
CSH and Building Regulations compliance.  
 
Passivhaus/Super Insulation without MVHR 
 
Current UK building design legislation and targets are aiming at the design of low energy or 
‘zero carbon’ buildings. However, not all agree on the methods by which this should be 
achieved. There are professionals operating within the industry who believe that the use of 
MVHR in buildings will lead to a potential excess use in energy and poor indoor air-quality 
environment if MVHR is not correctly installed. This is based on previous research into the 
installation of MVHR in dwellings in the UK but also due to the fact that traditionally UK 
buildings have been constructed with high levels of infiltration or high air-permeability 
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which means that if MVHR is installed, it may not operate to optimum efficiency. This is 
described in the article ‘Ventilation’ from Green Building Digest from the summer of 1999, -  
‘The Scandinavian countries have been instrumental in adding heat recovery to 
mechanical ventilation systems but there have been two major objections two their 
implementation in the UK. 
Firstly, as related to the discussion about infiltration, if the building’s infiltration or 
‘leakiness’ is so high as is normal amongst UK houses, then adding mechanical 
ventilation is adding ventilation that is not really needed. So the building needs to be 
very airtight before even considering MVHR. A pressure test value of below 3 m/h @ 
50 Pa should be aimed for. 
Secondly the fan power in many MVHR units is often excessive. If mains electricity is 
used to power the fans, and in this country electricity is roughly 3 times as expensive 
and three times as polluting (in terms of CO2 production) as fossil fuel., the addition 
of MVHR units to an otherwise well designed house can increase the running cost and 
CO2 emissions. In one case poorly commissioned units were found where the annual 
fan power costs more than doubled the space heating costs’ (Warm and Woolley, 
1999)  
These conclusions are also supported in case studies from the book ‘Solar Energy Houses: 
Strategies, Technologies, Examples’ from 1996 by Hestnes, Hastings and Saxhof (Hestnes et 
al., 1996) 
Since this time the debate about the need to use MVHR in the UK climate and the assumed 
CO2 emissions from fans relative to heating reduction has continued.  Research conducted 
by the AECB and demonstrated in their paper ‘Comparing Energy use and CO2 emissions 
from Natural Ventilation and MVHR in a Passivhaus Home’ arues that if MVHR is correctly 
installed in a super-insulated and appropriately low air-permeable Passivhaus equivalent 
home, then it results in less CO2 emissions from the home than from an equivalent naturally 
ventilated dwelling. 
However, recent research undertaken in the Netherlands has shown that there can be a 
connection between poor indoor air-quality, poor occupant health and complaints in 
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relation to noise and MVHR.  This is demonstrated in the research of Anke van Hal (van Hal, 
2000) and Jeffry van der Pluijm (van der Pluijm, 2010). Pluijm states that – 
‘Several studies however, show a relation between a poor air quality, health 
concerned complaints and the presence of MVHR’ (van der Pluijm, 2010) 
The conclusions of this research are however that these issues are usually connected with 
the poor installation and maintenance of the MVHR systems together with unfamiliarity of 
use of these systems for occupants. 
While some reject the Passivhaus standard,  the term ‘Passivhaus’ has been used in the UK 
to describe developments which are designed without the use of MVHR, for example in the 
case of the Acharacle Primary School in Lochaber in the West Highlands which was designed 
by Gaia Architects and completed in 2009.  
This building is described as ‘The UK’s first Passivhaus School’ in the July edition of the CIBSE 
(Chartered Institute of Building Services Engineers) Journal. An article by Carina Bailey in this 
magazine titled ‘Learning from Passive Action’, (Bailey, 2009) Howard Liddell from Gaia 
Architects is proud to say –  
‘basically we’ve cut out the mechanical ventilation system, which is unusual for 
passive schools because these normally have a heat-recovery ventilation system. So, 
in that sense, it doesn’t formally comply with the German description of a Passivhaus 
building. That’s deliberate. We feel it’s quite important that the people using the 
building become involved in its energy conservation strategy, as opposed to it all 
being done by some magic box.’ (Bailey, 2009) 
 
 
The First UK Passivhaus and the Passivhaus Trust 
 
The spring of 2009 saw the completion of the first accredited Passivhaus building in the UK, 
the Canolfan Hyddgen (Community Centre) in Machynlleth, Wales built by JPW architects. 
This is documented further in the Case Studies chapter of this thesis. This building is situated 
in the same town in Wales as CAT (The Centre for Alternative Technology) where the early 
super insulated Wates Conservation House is located but built 33 years since its completion. 
89 
 
 
Post completion of the Canolfan Hyddgen, JPW architects were also responsible for 
delivering one of the earliest accredited Passivhaus homes in the UK, the 2-3 bedroom 
house ‘Y Foel’ which was built by private clients and is located on the outskirts of 
Machynlleth. 
 
The Canolfan Hyddgen was built for the local council Powys County Council (PCC) with 
funding from the Welsh Assembly Government and was built to both the Passivhaus 
standard and BREEAM Excellent. Following the success of this project the Welsh Assembly 
Government launched a competition for participants to design housing to the Passivhaus 
standard with the competition winner being London based architects Bere Architects. 
 
The Welsh Assembly Government also continued their support of Passivhaus projects 
through part financing of the development of two new homes built to the Passivhaus 
standard. These are situated on the regeneration site of an old steel works at Ebbw Vale in 
south Wales. These two homes have been designed by Bere architects. These are also 
documented as part of the Case Studies for this research. 
 
In England it has largely been the role of individual protagonists, often supported by the 
AECB who have been responsible for the development of early Passivhaus homes and 
buildings. These protagonists include architect Richard Hawkes who built the highly original 
Passivhaus home Crossways in Kent. This house was featured on the BBC television series 
Grand Designs, as was the first English accredited Passivhaus home ‘Underhill’, built by 
Helen Seymour- Smith architects. Other early Passivhaus projects have included Disability 
Essex, the headquarters for a charity in Essex designed by Simmonds Mills Architects and 
the Passivhaus at Ranulf Road in north London designed by Bere architects. In conjunction 
to these finished examples of Passivhaus developments there are also many other 
Passivhaus projects currently under construction inclusive of the Gentoo Housing 
Association project in Sunderland and several other developments being progressed by 
other housing associations in London.  
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Government support for the development of the Passivhaus standard in England has been 
more indirect than in Wales with the TSB (Technology Strategy Board) launching their 
Retrofit for the Future programme which is currently supporting the refurbishment of 86 
homes to Passivhaus or near Passivhaus standard. The TSB is also hosting a monitoring 
programme called the BPE or Building Performance Evaluation programme which is 
currently evaluating the performance of specific low energy housing developments in the 
UK inclusive of some projects built to the Passivhaus standard. 
 
Following the development in interest in the Passivhaus standard and the work of the AECB 
with the CarbonLite programme, the Passivhaus Trust was launched in October 2010.The 
Passivhaus Trust was launched as an organisation to provide support and training for those 
interested in building to the Passivhaus standard in the UK. According to the Passivhaus 
Trust (Passivhaus Trust, n.d.) as of Spring 2012 there are 24  accredited Passivhaus buildings 
in the UK with many more in the progress of development together with other non-
accredited examples. 
 
Summary 
 
While the Passivhaus standard was developed in Darmstadt in Germany after the 
construction of the early test housing at Kranichstein followed by the trans-EU CEPHEUS 
programme, the early roots for this standard lie in the development of super insulated 
housing in the US, Canada, UK and Scandinavia over the last seventy years, but with a focus 
of developments from the early to mid-1970s.  
 
In accordance with findings from the Innovation chapter of this research, this brief history 
starts to show how an innovation, in this case super insulated building design or the 
Passivhaus standard, may develop in one place or country in a linear fashion, but progress 
its development in a non-linear fashion towards closure across international borders or to 
where it gains most support in terms of culture and socio-political environment.  
 
In the case of the super insulated building and the Passivhaus Standard, this support has 
been manifest in terms of commitment to research and development, political and social 
will and financial support that has been found in Germany. It was here where all of these 
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factors combined with strategic research planning and testing and feed-back which have 
contributed to the successful development of the Passivhaus standard. It can be argued, 
when examing the history chapter of this thesis, that until recent years, this type of co-
ordinated strategic support for the development of super insulated homes and buildings has 
not been apparent in the same way in the UK. 
 
Despite the UK producing pioneer research and examples of super insulated buildings, a lack 
of supportive socio-political environment has resulted in the perpetual development of 
individual projects and sporadic research programmes with frequently unco-ordinated 
results. This has not allowed for the wide dissemination of ideas to the mainstream and the 
development of technologies.  
 
The introduction of the EPBD in the UK has instigated changes to the UK Building 
Regulations and the introduction of the CSH and UK government targets for ‘zero carbon’ 
buildings. It has also however started to trigger an interest in the Passivhaus standard which 
is beginning to show signs of developing in parallel with indigenous UK building design 
standards despite obvious differences between the two and the complexity of the interface 
between these design systems. 
 
While the Passivhaus standard has been tested for performance since 1997 resulting in a 
final standard with fixed performance parameters, UK standards for ‘zero carbon’ 
compliance are currently being assessed with testing carried out post the national launch of 
the CSH as opposed to prior to and during its evolution.  This means that the cultures and 
supply chains to support the standard have not been able to develop in the UK, in the same 
way, as those surrounding the Passivhaus standard in Germany and other parts of the EU. 
 
Key issues that seem to have been a factor in understanding the performance of the CSH 
buildings at the BRE Innovation Park and results from testing of CSH developments 
elsewhere in the UK seem to relate to construction details and air-permeability but also the 
design, installation and use of MVHR, on-site renewables and design and construction skills. 
These are similar to issues that were observed during the testing of early Passivhaus 
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projects which have subsequently been fed-back into the development of the Passivhaus 
standard. 
 
In Germany individual commitment to develop the Passivhaus standard has worked to 
support the evolution of a Passivhaus culture which has grown from the Passivhaus Institut 
in Darmstadt and the CEPHEUS programme through to annual European Passivhaus 
conferences and the development of Passivhaus supply chains and a Passivhaus technology 
cluster as described by Rogers in his ’Diffusions of Innovations’. This includes the 
development of Passivhaus certified products such as triple-glazed windows and high 
efficiency MVHR units, both are now exported to the UK, and all around the world. The 
development of this type of culture and supply chains are now starting to show embryonic 
signs of development in the UK, as can be seen when examining the findings from the case 
studies in the following chapter of this research. 
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Methodology 
 
‘History, for example, is not the telling of one limited story by one-who-knows, but by 
an accumulation of multiple stories, told by people themselves, and these people all 
share different views hopes and  visions’ (Berlin, 1998) 
Introduction  
 
The Passivhaus standard is currently at the early stages of development or the innovation 
stage of evolution in the UK. As such it is only represented by a limited number of 
stakeholder individuals and buildings. 
The aim of this research has been to try and gain an understanding of some of the context 
surrounding the early development of the Passivhaus standard in the UK. This has been 
conducted through review of architectural case studies and the analysis of opinions from a 
group of early Passivhaus innovators. At the time of this research, this group formed a large 
percentage of those involved with the design of Passivhaus buildings in the UK. 
The importance of this research lies in the fact that it may help to establish some of the 
potential barriers and opportunities surrounding the current and future development of the 
Passivhaus standard and associated technologies within this group of stakeholders and in 
the UK.  
This research exists within incumbent social science research paradigms predominantly 
surrounding qualitative research methodologies. The research methods chosen were 
identified as appropriate for this study because of their applicability as tools to gather data, 
analyse opinions and to document processes surrounding the early stage development of an 
innovation i.e. the Passivhaus standard in the UK. They were also deemed to be appropriate 
for research conducted with a small group of respondents and a small number of building 
developments. 
The research methods were chosen to be replicable and as such should be appropriate for 
similar research conducted into the early stage development of other innovations. 
The research employs a ‘Multi-Method’ or ‘Mixed Methods’ research approach with 
ethnographic processes. There is also a focus on the utilisation of the psychometric analysis 
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technique Q-methodology. This technique is compatible with the small scale of the group 
under observation together with the early stage nature of the development of the 
Passivhaus technology in the UK. The research methods were also chosen to be suitable for 
use within the time-scale and resources available surrounding this research. 
Some of the limitations of this research predominantly lie in its concise nature as opposed 
to breadth in terms of numbers of respondents and case studies involved.  These limitations 
could also however be seen as a ‘strength’ since they allow for a large quantity of 
information from a small group and small number of case studies to be distilled within a 
relatively short period of time. The results and conclusions from this research have aimed to 
offer a series of potential hypotheses, which also help to focus attention on further relevant 
study in the future.  
Philosophical Perspective – Qualitative Research 
 
 
‘Not everything that counts can be counted and not everything that can be counted 
counts’ – Attributed to Albert Einstein 
 
This research can be described within the context of ‘Qualitative’ research. It does not 
presume or pose an initial hypothesis to be answered as is the case with empiricist 
deductive processes or much ‘Quantitative’ research (which allows for possible relationships 
between variables to be identified prior to the collection of data).  Instead it sits within the 
philosophical perspectives of the ‘relativist’ and ‘interpretive’ traditions which aim to 
generate hypotheses after data is captured through comparative analysis and interpretation 
of this data. This approach is known generically as an inductive approach to research.  
The relativist and interpretive tradition primarily uses qualitative research methods to 
decipher meaning and contends that - 
‘the meaningfulness of the social world makes the application of scientific methods 
such as explanation by laws and clauses inappropriate. Instead, the social sciences 
should seek to grasp the meanings that individuals and social groups give to their 
actions and institutions’ (Seale, 2004) 
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The use of qualitative research in this instance is relevant because it can provide feedback in 
the form of current industry innovator opinion and perception surrounding Passivhaus 
innovation and development in the UK at the time of this research. This may potentially be 
of value in influencing innovator’s future behaviour and/or informing wider industry or 
stakeholder action.  
It is argued that the use of qualitative research offers the potential to look at a subject in 
more depth rather than breadth and to potentially expose important issues which may not 
be identified in larger quantitative surveys. Qualitative research also enables the 
examination of small groups and individuals or individual cases which are hard to study 
using purely quantitative research methods.  
This research sits between the Weberian and Feminist research traditions. The German 
sociologist and political economist Max Weber (1864 –1920) believed that the study of 
social life should be undertaken from an empirical science basis combined with 
interpretation. He believed that the sole use of empirical scientific methods of research only 
has the capacity to tell us ‘what can be done’ and not ‘what should be done’ (Seale, 2004) 
unlike the outcome when also using interpretive methods in relation to values or opinions, 
as is the case with this research.  
‘The Weberian tradition is associated with the idea that values play a positive role in 
determining what is worth investigating’ (Seale, 2004) 
He was however adamant that once a research topic and framework for analysis have been 
decided upon it is the responsibility of the social scientist to determine the facts in a ‘value-
free’ or objective manner. The Feminists and latterly the Constructivists however argued 
that it is not possible to conduct interpretive research that is completely devoid of the 
values of the researcher, and that these values should be stated and considered as part of 
the research process. In this case the researcher’s values are stated as part of the 
introduction to this thesis. The researcher’s values are also partly reflected in the focus 
groups and individual unstructured interviews undertaken as part of this research. This is 
evident since the researcher occasionally ‘participated’ in focus groups and interview 
dialogues in order to respond to and/or help trigger respondent opinion. The researcher 
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would also consider herself to be part of an emerging group of Passivhaus innovators in the 
UK. 
In this specific case the research can also be termed inductive and ‘abductive’ since it uses 
Q-methodology as a form of analysis.  Abduction allows for similar processes as used in the 
inductive research but differs from induction, in that – 
‘…induction observes or studies the facts to establish a generally applicable 
description of the observed phenomenon. Abduction studies them in pursuit of an 
explanation and new insights. An attempt is being made to explain why the observed 
phenomenon is manifesting itself in this particular way and not others’ (Watts and 
Stenner, 2012) 
Or as according to the scientist Charles S. Pierce, as discussed by Haig, abductive research or 
abduction 
 ‘consists of studying the facts and devising a theory to explain them’ (Haig, 2005) 
For this research the Q-methodology component results in the production of a specific 
group of factors or hypotheses which act as a palette of ideas and provide a range of 
possible findings to be interpreted individually and as a whole. As such this type of research 
can be used to develop different strands of explanation which can be explored in isolation 
or combined. 
According to John Bradley -  
 ‘Abductive methodology starts with the researcher encountering information: 
data...The researcher works with the data ...and produces phenomena. The 
researcher then develops a theory to understand phenomena.’(Bradley, 2007) 
The philosopher Thomas Kuhn (1922-1996) argued that sciences are characterised by 
paradigms which conceptualise the world in strikingly different ways and that conventional 
problem solving only exists within the disciplinary world of a particular paradigm. During a 
paradigm crisis competing theories gain weight and can lead to a paradigm shift which 
displaces the old for the new. The processes of inductive/abductive research can act as a 
mechanism to facilitate observation of the intervention of new ideas and the transition/s 
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from an old social paradigm to a new through the observation of opinions. Interpretation of 
these opinions may help to gain an understanding of some of the processes that may inform 
the basis of behaviour and societal change and the progress of innovation.  
 
Research Design  
 
Conducting research requires an ordered method of inquiry or research design. This should 
allow for transparency and future interrogation of the processes used. This should also 
enable research to be replicable. 
Mixed Methods Research 
The fluid, time-based nature of this study has led to a responsive heuristic approach to 
research, which employs a ‘Mixed Methods’ research strategy. Typically Mixed Methods 
research involves the use of a combination of qualitative and quantitative processes with 
the aim of producing more rounded final hypotheses. In this case this combination is 
achieved through the use of qualitative data gathering via interviews and case studies with 
Q-methodology used as a part-quantitative method for analysis of innovator opinions. 
All of the research techniques have been chosen as being appropriate for this type of 
research and have the capacity to be used either individually or combined and replicated in 
other similar types of studies. 
The process of ‘triangulation’ has then been used as a mechanism to seek out instances of 
similar phenomena occurring across research results and to support and strengthen the 
findings from each.  This process also works as a form of validation.  
The research methods employed for this research are listed below but are described 
individually in more detail later on in this chapter - 
 Technical/Architectural Case Studies 
 Focus Groups 
 Q-Methodology 
 Unstructured Interviews 
The Case Studies document technical and architectural findings from some of the earliest 
Passivhaus developments in the UK and early Passivhaus developments in Germany. They 
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have thus been used to gain knowledge and feedback about specific issues related to the 
design and construction of these early Passivhaus buildings which may represent 
opportunities or barriers to the development of this innovation in the UK. 
Given the early stage development of the Passivhaus standard/Innovation in the UK, the 
number of people involved in the design and construction of accredited Passivhaus buildings 
was very limited at the time of this research. Focus groups were chosen as a research 
method to gather opinion from members of this small group and as relevant within the 
short time period and constraints of this research. Transcriptions from the Focus Groups 
also provided material for the production of the concourse for the Q-methodology research. 
Q-methodology was chosen as a method to help analyse the opinions from the innovator 
group. It was chosen specifically as an established method for sorting the opinions from 
small groups. Since this research involved the examination of the opinions of a small group, 
Q-methodology was considered an appropriate research method. More is said about Q-
methodology in the following sections of this chapter. 
Interviews were chosen to supplement the Q-test research and to gain further insights and 
opinions from those involved in the Q-tests. 
All together these research methods combine as a suite of research tools which allow for 
opinion to be cross-referenced or triangulated against findings from each and the 
technical/architectural case studies.  
Focus Groups 
Some of the earliest recorded use of focus groups is from World War II when they played a 
large part in social research programmes and were used to document and understand the 
persuasiveness of propaganda and military training material. Since this time they have 
largely been used for market research e.g. to gather data about audience responses to radio 
and television programmes and products but also for academic research (Morgan, 1997).  
After World War II, the use of focus groups experienced an initial decline which was 
attributed to the fact that their use was originally thought to be limited to gauging reaction 
to stimulus material such as films, but also because little research material about their use 
was actually published. More recently the use of focus groups has been systematically 
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developed as a research technique in the social sciences, for example in the early 1980’s 
demographers used them to try and understand practices, attitudes and knowledge that 
influenced the use of contraception. 
In the context of research focus groups are primarily used in three different ways –  
1. As a self-contained method in which they are used in studies to provide the principle 
source of data. 
2. As a supplementary source of data in studies that rely on some other primary data 
source such as that from a survey. 
3. As part of a mixed-methods approach to research that combines two or more means 
of gathering data with no one primary method dominating; as is the case for this 
research 
Focus groups can be of different types and constructed in various ways, ranging from very 
informal to more structured scenarios. They usually last about one to one and a half hours 
in length. Typically they are composed of homogenous/homophilious groups of subjects 
with about 10 to 12 participants/respondents. This size of group is chosen since it is usually 
more manageable within time scenarios and should technically allow for participation of all 
group members. Homogeneity is usually considered of importance since it has been found 
that people tend to be more relaxed and therefore offer more honest opinions within the 
context of a group that they perceive as being ‘like-minded’, therefore within the context of 
a ‘safe’ environment  (Krueger and Casey, 2009) 
Perceived weaknesses and strengths in the use of focus groups lie in the fact that they rely 
on the ‘focus’ of the researcher to provide direction. Commonly it is the aim of the 
researcher to provide direction without unduly influencing the opinions of participants. 
However, the Feminist philosophical perspective which underpins this research contends 
that pure objectivity is not possible in this type of research context. This is demonstrated  
when the researcher/focus group facilitator has on occasion offered opinion as part of the 
focus group so as to stimulate conversation.  
 The social make up of groups can work to influence feedback from respondents in either a 
positive or negative way, with individuals potentially either being inhibited or encouraged to 
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participate in dialogue. The focus group process is by nature a tool offering a ‘snap-shot’ of 
opinion and cannot ensure full participation of all respondents or reflect all opinions at all 
times. It can however work to gather a broad range of opinions or data within a short period 
of time and function well as a part of mixed methods research, especially when the results 
are analysed together with other research data. 
Focus groups are sometimes seen as a relatively efficient way to gather data comparative to 
the use of individual interviews, e.g. assuming a focus group of ten people, the amount of 
information that can be gathered per focus group participant may be only one tenth of the 
amount that can be gathered in a ‘one-to-one’ interview over the same period of time, 
however the amount of different viewpoints gathered is at least tenfold. An advantage of 
the focus group is that it can spur additional feedback through the interaction of 
participants although it must be noted that some participant/s will sometimes withhold 
material that they would have otherwise contributed in private. (Krueger and Casey, 2009) 
Q- Methodology  
Q-methodology was developed by psychologist/physicist William Stephenson (1902-1989). 
It was introduced in a letter to the Journal ‘Nature’ in 1935 and described in more detail in 
following papers and publications inclusive of ‘Correlating Persons Instead of Tests’ 
published in 1935 (Stephenson, 1935) and ‘Foundations of Psychometry: Four Factor 
Systems’ published in 1936. (Stephenson, 1936) 
 
Q-methodology was designed as a technique for the systematic study of subjectivity, 
therefore the qualitative aspects of human behaviour. The technique asks a participant/s to 
rank a number of previously generated statements about a topic in perceived order. This is 
according to how much they either agree or disagree with each statement. The Q-sort or 
selection of statements used for sorting is typically generated from literature, via individual 
interviews or via the group interview or focus group. In this research it is generated through 
focus groups combined with literature. It is also possible to use images or other media for Q-
analysis which can be sorted in the same way as statements.  
 
An example Q-test could be devised that uses a generated set of 20 statements or Q-sort 
(N=20) this could be administered to a participant/subject or respondent. These statements 
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could be delivered in the form of a pack of numbered cards with one statement written on 
each. The subject would be given time to read through these and would then be initially 
asked to sort them into three piles representing those that they agree with, those that they 
disagree with and ‘other’ according to their own opinion, and alternative pre-ordained 
criteria. Finally, using a provided scale, the subject/s would be asked to rank the statements 
along a continuum of ‘most agree’ at one end to ‘least agree’ at the other end e.g.- 
      
 
Figure 10 - Q- Matrix of Normal Distribution 
                                                         
 
       
                                                              Most Disagree – Most Agree 
-3   -2   -1   0  +1  +2  +3 
---------------------------- 
16   3   1   7   6   5   2 
  19  13  4   8  17   9  12 
  15 11 10 18 14 
  20 
 
 
The above table shows numbers ordered on a matrix of normal distribution. The matrix 
order shows that the subject or respondent most agreed with the statements number 2 and 
12 and most disagreed with statements 16 and 19 etc. 
 
In this particular case the numbers or Q-sample distribution is ‘normal’, and it was the 
‘normal’ distribution that was used for the research templates for this research. It is 
however entirely possible to conduct Q-analysis where the distribution of the sample set is 
ordered differently, since the final weighting of the ‘opinions’ is calculated in accordance 
with the number of statements against their layout position as a kind of factor analysis, with 
each card positioned in the matrix having in effect its own ‘eigen’ or characteristic vector. 
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For simplicity for research respondents and to work easily with PQ software used for 
analysis the ‘normal’ distribution was used for this research. 
 
Significantly Q-methodology differs from conventional factor analysis or the R-
methodological system for factor analysis in that instead of a being a system that allows for 
the comparison of different measured data sets against each other, it allows for the R-
methodological tradition to be inverted by - 
 
‘employing persons as its variables and tests, traits or other items as its sample or 
population’ (Watts and Stenner, 2012) 
 
This is further described by Watts and Stenner in their book ‘Doing Q-methodological 
Research: Theory, Method and Interpretation’  
 
 ‘On the one hand, R methodological data is derived from a population or sample of 
individuals each of whom has been subjected to measurement using a collection of 
different tests. The new form of Q methodological data, on the other hand, is derived 
when a population or sample of tests (or other items) are measured or scaled 
relatively by a collection of individuals’ (Watts and Stenner, 2012) 
 
It has been described by Stephenson as  
 
 ‘…a means of systematically and holistically identifying different types of people, or 
different types of mood, type of viewpoint and so on, across different life domains 
and contexts’(Stephenson, 1953)  
 
Initially Q-methodology was predominantly used in psychology and it is applicable to the 
analysis of individuals as well as groups.  It has since been found appropriate for research 
across many sectors inclusive of the political and social sciences and more recently 
environmental policy development. Q-methodology has also recently been used in research 
relating to the development of renewable energy installations in the UK for example as part 
of the research methodology for the EPSRC report ‘Renewable Energy and Discourses of 
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Objection: Towards Deliberative Policy Making’ June 2006 (Geraint et al., 2006). This report 
outlines the diversity of people’s opinions surrounding the development of an on-shore 
wind farm. Q-analysis was used to assess the opinions using a concourse of 50 statements 
which generated 4 key factors of opinion. These were then interpreted to try and gain an 
understanding of the issues surrounding support for this development. 
Q-methodology is of particular value in this research since it can successfully be used to 
assess the opinions of a very small group; this is unusual in comparison to many typical 
quantitative methods of analysis but has previously raised some concerns as identified 
below -  
‘Questions are often raised concerning the small number of cases (persons) employed 
in Q studies and their connection to generalizability, and part of the answer resides in 
the fact that Q factors are already generalizations, being ‘composites’ of those 
persons significantly loaded on them; therefore, the composite constructed to 
represent factor A, for example, reveals in a general way how people of that type 
think. (How many persons there are of a given type is another question, and one Q 
technique is not designed to answer (Berry et al., 1986) 
 A weakness of Q-methodology is the fact that it relies on the researcher’s interpretation of 
data but also the fact that it can only capture respondent’s opinions as a ‘snap-shot’ from a 
specific moment and  will reflect respondent mood at the time of undertaking the Q-test. 
This is however also a strength and has enabled a very immediate analysis of respondent 
opinion from a small group and resulting key factors of opinion this is in comparison to 
research methods such as content analysis which would have been more lengthy and less 
likely to produce such a concise analysis of opinions of this small group. Q-methodology was 
also used in preference to SPSS software analysis which is used to generate generate 
statistically significant results. However this would not have been appropriate or viable 
given the small number of respondents involved in this research.  
Unstructured Individual Interviews 
Different types of individual interviews are appropriate for different types of research 
depending upon the type of data to be elicited from respondents or the sample group. 
These range from ‘Structured’ interviews which employ a fixed schedule or questionnaire 
with each respondent being asked the same questions in the same format and in the same 
104 
 
order, to ‘Semi-structured’, which employ a schedule but allows deviation from the 
interview questions and order, to ‘Unstructured’ which employs no specific schedule but 
instead allows interviewee response to specific circumstances and context. 
The Q-methodology research Q-tests have been supported by a series of unstructured 
interviews conducted with respondents undertaking the Q-tests, during the tests. These 
have been used to provide supporting stakeholder opinion. 
 
The interviews conducted during the Q-tests were informal and without a schedule of 
questions allowing respondents to talk freely about the test or any other relevant issues to 
the concourse.  The interviews were used as a mechanism to draw additional opinion from 
Q- respondents especially in relation to their decisions surrounding ordering the Q-
statements or the concourse statements themselves. The unstructured interviews were also 
used as part of the Q-tests to help put respondents at ease during the tests but also to allow 
them the flexibility to ask questions or make comments about the process. The interviews 
were also employed as a technique to allow respondents to relax during the test process 
and therefore potentially offer more honest responses to the sorting. 
Technical Architectural Case Studies including ‘Micro POE’ (Post Occupancy Evaluation) 
Case Studies 
For this research the term ‘Case Study’ (Bynman, 2008)is used to describe the study of a 
single case or example, with the case in this research being technical architectural 
performance based studies relating to individual buildings. 
Case Studies are often used in research to show how a particular set of interactions are 
imbedded in patterns of social organisation and in the case of building projects to 
demonstrate technical parameters, practices and performance, thus they are commonly 
used in the study of the built environment, architecture and engineering. According to Bent 
Flyvberg from Aalborg University in Denmark in his paper ‘Five Misunderstandings about 
Case-Study Research’ (Flyvberg, 2006) case studies are an ideal way for a researcher to gain 
expert understanding of a subject area and have been used successfully in this way by those 
involved across different scientific research spectrums from social to natural sciences. He 
maintains that – 
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‘Carefully chosen experiments, cases, and experiences were also critical to the 
development of the physics of Newton, Einstein and Bohr, just as the case study 
occupied a central place in the works of Darwin, Marx and Freud’ (Flyvberg, 2006) 
Case Studies form a component part of the research methods for this study and are used in 
two ways as two sets of studies.  
The first set of case studies are used to describe three early accredited Passivhaus 
developments in the UK and document technical construction details together with various 
issues that were experienced during their construction. These provide additional technical 
information to supplement the findings of the Q-analysis. The findings from these case 
studies partly support the development of the Q-concourse. 
The second set of case studies describes two Passivhaus developments in Frankfurt and 
Berlin and documents answers to structured interviews using a set of eleven simple Post 
Occupancy Evaluation (POE) questions. These were employed to interview inhabitants of 
these developments and gain their feedback. These case studies are specifically included 
since at the time of this research there was very limited potential to interview inhabitants of 
accredited UK Passivhaus developments due to the small number of completed and 
occupied Passivhaus buildings at the time of this research. At the start of this research no 
accredited Passivhaus buildings existed in the UK and it was only during this research that all 
the UK case studies used for the research were completed. In conjunction to this the Larch 
House at Ebbw Vale (one of the case studies) was only occupied after the Q-test part of this 
research had already been undertaken.  It was therefore not possible to conduct consistent 
POE interviews with residents and occupants of the UK case studies in the same way as for 
the German case studies. It is also important to note that POE interviews are usually best 
conducted after occupants have lived or worked in a building for a number of months or 
years so as to allow them to gain a better insight into the actual experience.  
These studies were also considered of particular relevance in relation to the finding of the 
recent ‘Sullivan’ report (SBSA, 2007) referred to in the Innovation chapter of this thesis, this  
highlighted the need for occupants of Passivhaus buildings to learn to live with this new 
technology in order for it to be a success. 
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It was therefore considered appropriate to try and gain some feedback from residents of 
early Passivhaus developments and test this assumption. 
Post Occupancy Evaluation (POE) is the process of evaluating the performance of a building 
once it has been completed. POE can be undertaken through monitoring building fabric and 
energy performance and through questionnaires and assessment of occupant satisfaction.  
POE is defined by BRE (Building Research Establishment), who are involved in many UK POE 
assessments, as –  
‘… the process of obtaining feedback on a building's performance in use. The value of 
POE is being increasingly recognised, and it is becoming mandatory on many public 
projects. POE is valuable in all construction sectors, especially healthcare, education, 
offices, commercial and housing, where poor building performance will impact on 
running costs, occupant well-being and business efficiency. (BRE, n.d.) 
According to the UK based Building Services Research and Information Association (BSRIA) it 
is also described as being -   
‘vital for unlocking hidden information that can be valuable for informing client 
requirements and design briefing. POE can be used post-completion to determine 
whether performance meets targets.’ (BSRIA and UBT, 2009) 
BSRIA outlines three main component parts of POE as follows –  
 ‘ A forensic walkthrough; an inspection to check the building’s operation and whether 
there are any emerging problems or wasteful operational practices 
 An energy survey; a breakdown of the energy used in a building by type of 
consumption e.g. heating, air-conditioning, lighting 
 Assessment of occupant satisfaction; surveys and interviews of building users and 
occupiers’ (BSRIA and UBT, 2009) 
In this particular case the third bullet point relates to the type of POE assessment that was 
conducted with residents of Passivhaus developments in Frankfurt and Berlin. This was 
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carried out with consenting respondents from these two developments. In the case of the 
development in Frankfurt respondents were contacted via the architect of the building who 
asked the residents if any of them would be willing to take part in the research, after which 
direct contact was made with those consenting, and interview dates and times were 
arranged.  
In the case of the Berlin development individual respondents were contacted via a resident 
of the building who had acted as a press officer for the development and occupant 
representative. Contact was then made directly with consenting respondents and dates and 
times for interviews established. 
The number of respondents interviewed was small since available time to visit each building 
was only a few hours in both cases. More about this process and the respondents is 
included within the Case Studies section of this research. 
Validation/Triangulation 
Validation of qualitative research is often achieved through the method of ‘triangulation’ 
(Seale, 2004) which refers to the technique of using more than one method of research or 
data gathering process, with results from all being cross-referenced. This is common within 
the field of the study of social phenomena such as has been the case for this research. 
For this research further validation of data has also been achieved by showing focus group 
and interview respondents copies of transcribed text from the interviews and/or films made 
as part of the process.  This has been to allow respondents to verify that they are happy 
with what they have said and allow them to consent to the use of the material as part of this 
research. 
Ethics 
Engaging with a sample group or respondents in order to gather research data requires that 
the researcher takes an ethical standpoint to research. The need to comply with specific 
ethics is usually a prerequisite of all research and may be enforced formally through 
established institutions such as the BSA (British Sociological Association) or self-imposed 
through the researcher’s own principles. In this particular case it was necessary for research 
proposals to be approved by the UCL ethics committee prior to research being conducted. 
The requirements for the research were that all respondents had to be competent adults 
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who were willing to participate. This fact being established, the research was allowed to 
proceed. 
The concept of ethics falls into two distinct categories the first being ‘Universalism’ which 
understands that ethical precepts are never broken. The second is ‘Situation Ethics’ which 
allows that sometimes ‘the end justifies the means’ or that there is no other choice but to 
obscure motivations for research from respondents.  
This research specifically  falls within the category of universalism with respondents 
informed about the nature and intent of research in writing by email and/or in perso or 
prior to or during focus groups and interviews. Focus group and interview respondents were 
also asked to sign consent forms agreeing to their participation and the use of transcriptions 
from focus groups or interviews for the research. It was also explained to the respondents 
that they had the right to withdraw their input into the research at any time. A small 
number of the respondents withdrew permission to use transcriptions from interviews for 
this research 
Pilot Studies 
Prior to conducting research it is typical and valuable for researchers to test their methods 
using pilot studies. The reasons for this are to ensure the viability of the chosen methods, 
inclusive of applicability with-in specific time frames. Testing of equipment employed (such 
as voice-recorders, film equipment etc.) is also vital as is the testing of any analysis software 
chosen to make sure that it is appropriate and functions correctly for intended purpose. 
The processes used to undertake this research were tested using pilot studies prior to 
research actually being conducted. These pilot studies included a test focus group, test 
interviews, and pilot Q-tests. More is written about the pilot studies in the following 
Research Methods section of this chapter. 
 
Research Methods  
 
The heuristic nature of this research has allowed for a degree of ‘trial and error’ in defining 
the actual processes used. The actual processes used are documented below. 
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Pilot Research 
Pilot study tests were undertaken at the start of research to inform the overall processes. 
These included test interviews carried out to record dialogues with individuals and test 
recording equipment and transcription times, but also initial short Q-methodology tests 
followed by a more considered Focus Group and Q-Methodology pilot. 
A preliminary pre-pilot q-analysis test was held with a group of 4 participants. The aim of 
this initial pilot was to assess the length of time that it would take for an individual to sort a 
Q-sample of statements and to test out the matrix format for assessment and the PQ 
software to be used for analysis. The respondents were presented with a Q-sample of 40 
statements and it was found that it was possible to quickly sort these within the allotted 30 
minutes.  
A main pilot focus group and Q-Methodology pilot was conducted with twelve different 
industry professionals and stakeholders from a mixture of backgrounds relevant to the 
research topic. The aim of this focus group was to facilitate and record discussion which 
could be used to generate an initial concourse for the Q-sample to be used as part of further 
workshop based focus groups and Q-tests. 
The people who attended this pilot focus group session were chosen from a list of about 50 
relevant UK construction and consultancy industry contacts or Passivhaus innovators known 
to be involved in Passivhaus design and construction at the time of the research, but also 
according  to their availability to attend. These respondents were chosen from a broad 
cross-section of professions ranging from architects and engineers to representatives from 
Government and education. The list of respondents did not encompass all possible types of 
consultants or contractors in the construction industry involved in Passivhaus innovation at 
the time of the research since the entire spectrum of professions and trades working with 
this innovation were not equally represented in this small community (at the time of 
reseach) or available to attend the focus groups.  According to the UCL ethics research 
committee all attendees were deemed to be competent adults, so no special ethical consent 
was required for this pilot or the later focus groups, Q-tests or interviews. 
The pilot focus group was held at UCL on 29th May 2009 between 14.30 and 16.00 and it was 
filmed and recorded. Originally, fourteen people were invited to attend the group with the 
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anticipation that some would not be able to attend on the day, this proved to be the case, 
leaving a final total of twelve respondents. 
The aim of this initial pilot focus group was to test the research processes but also to allow 
participants to talk freely and provide data that would be transcribed and used to generate 
statements for a Q-sample set for the eventual Q-tests and Q-methodology analysis as part 
of a series of future focus groups. The transcription from this focus group is included within 
the Appendices of this document. Q- Statements from this transcription were generated 
after analysis of these transcriptions. More is said about this in the Analysis section of this 
chapter. 
Some examples of transcribed text showing opinions taken from the focus group that led to 
the generation of Q-statements are shown for example below, in each case only the initials 
of the respondents taking part have been used to code their identities and keep them 
anonymous.  
Client DN  – ‘I think it is a great fault we make things too complex we have got too 
many boxes to fill when actually the notion of Passivhaus is relatively easy to do’ 
Architect SJ  – ‘also getting the base build right – just getting the fundamentals of the 
construction right and then building up on all these other things’ 
Architect DS – ‘it’s quite cultural I think, about our whole relationship to buildings’. 
Client DN – ‘I agree  I think the most important part -  it comes back to our builders 
and skills sets and I think there is a huge need for training and I also think there is a 
huge need for a media campaign’ 
There were a variety of errors that were made surrounding the organisation of the first pilot 
focus group. Firstly the full address details for the location of the event were not included 
with all the original invitations, thus some time was wasted at the beginning of the session 
when a number of participants phoned to ask for full directions to the venue. Secondly, 
while a digital tape-recorder was used to record the event, one of the participants actually 
switched it off part of the way through the focus group so no secondary back-up recorded 
material was available. Despite being adequate for transcription, the sound quality of the 
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film recording was also poor since no additional microphone was used. No stills photographs 
were taken as a record and attendees were not reminded of any dietary specifics in relation 
to snacks provided e.g. if biscuits include nuts etc. Respondents also needed to be reminded 
that they were free to withdraw from the research at any period during the process. 
Respondents who attended this focus group were however asked if they consented to the 
use of the transcription as part of this research at a later date. Data from transcriptions from 
this focus group was used to contribute to the final research. This is because data was 
considered valuable, useful and of relevance to the development of the final concourse for 
the Q-tests, but also because this pilot was held with busy Passivhaus stakeholders (who as 
professionals working in different parts of the country) were difficult to re-assemble for 
further studies. It was also deemed unnecessary to re-configure this group for a second 
focus group since many who participated may not have wished to repeat the experience.  
The basic research method for this focus group also did not change as part of the actual 
research.  
Focus Groups and Q-tests 
After the initial pilot focus group was held at UCL on 29th May 2009 further focus groups 
were held at UCL on 20th November 2009 and 4th December 2009. These were also attended 
by a cross-section of invited industry professionals from a similar range of disciplines as 
included on 29th May 2009, according to availability. 
These focus groups were filmed and the proceedings then transcribed. In conjunction to 
these two focus groups a further event that was held at Canolfan Hyddgen in Machynlleth, 
Wales on 27th November 2009 this event was not however recorded, but instead used as a 
further pilot Q-test. 
With explicit consent from focus group respondents, film footage from the two early focus 
groups was used to produce a short film that was shown at the London ‘green’ building 
trade fair Ecobuild on 2nd March 2010 where a further discussion was held with delegates 
attending the film showing, this also acted as a validation for the film and focus group. This 
event was in turn also filmed with the proceedings being transcribed and used to support 
the development of a final Concourse for Q-tests later in the year.  All the events with the 
exception of the Ecobuild event were used to pilot Q-methodology assessments and analysis 
with the focus group respondents. 
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Figure 11 - Table of Focus Group Events 
 Date of Focus Group No. Attendees Purpose of Focus Group 
1 29th May 2009 12 cross-industry 
Passivhaus 
stakeholders 
 Pilot focus group 
 To produce transcription for 
concourse further and final Q-
tests 
2 20th November 2009 9 cross-industry 
Passivhaus 
stakeholders 
 To produce transcription for 
concourse for final Q-tests 
 To undertake pilot Q-tests 
3 27th November 2009 8 cross-industry 
Passivhaus 
stakeholders 
 To undertake pilot Q-tests 
4 4th December 2009 8 cross-industry 
Passivhaus 
stakeholders 
 To produce transcription for 
concourse for final Q-tests 
 To undertake pilot Q-tests 
5 2nd March 2010 11 cross-industry 
delegates at 
Ecobuild 
 Validation 
 To produce transcription for 
concourse for final Q-tests 
 
Prior to organisation of the focus groups, consent was obtained from the UCL ethics 
committee to ensure that this research and engagement with the public would be 
conducted on an ethical basis. All respondents were also asked for their consent to be 
filmed and informed of their rights to withdraw from research at any time. Suitable 
refreshments comprising tea, coffee, soft drinks and biscuits were provided for the 
respondents. 
The respondents chosen to attend the focus groups were all responsible competent adults 
and selected from a broad cross-section of industry professionals either working with or 
with links to the Passivhaus design or the standard in the UK. The Passivhaus stakeholders 
were also chose according to their availability. 
Respondents were invited to attend focus groups approximately two weeks in advance of 
each event thus maximising the potential of their ability to attend. At least eleven 
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respondents were invited to each group with an allowance being made for some 
cancellations on the day. Those invited and who eventually attended were those who 
agreed to provide their time outside of their normal work commitments and were thanked 
for their attendance. 
The focus groups were planned to last about an hour and a half with approximately 35 
minutes allowed for discussion followed by a short break and then the Q-tests. Respondents 
were informed of the time agenda prior to the events and upon arrival. 
 Respondents were seated around a semi-circular arrangement of tables with the host (the 
researcher) located facing the respondents, central to the arc of the curve. 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 - Seating Diagram for Focus Groups 
 
The respondents were also filmed from this vantage point and their conversations were 
recorded using digital voice recorders to supplement filming and provide  back-up material 
in case of technical problems that may potentially be encountered during filming.  
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The focus group conversation was unstructured with the host (the researcher) posing the 
initial question – ‘What are the issues surrounding the uptake of the Passivhaus Standard in 
the UK?’ thereafter the host did not intervene in discussion unless to stop respondents 
talking over each other, to promote discussion during quiet moments between dialogue or 
to inform respondents of time constraints at the end of the session. 
Q-tests 
Prior to pilot Q-tests being undertaken the transcription from the pilot focus group on 29th 
May 2009 was analysed to help produce a Q-set of statements or concourse. More details of 
how this was undertaken are provided in the Analysis section of this chapter. 
The pilot Q-tests that were undertaken with the respondents of the focus groups on 20th 
November 2009 and 4th December 2009 were conducted immediately after the actual focus 
group sessions with just a 15-20 minute pause as a refreshment break. The initial aim of 
conducting Q-tests directly after focus groups was to allow the respondents to have been 
inspired by the topics of discussion during the focus group prior to undertaking the Q-tests, 
thus helping them to think through many of the issues that were tabled when undertaking 
the test. 
These initial Q-tests were undertaken with all the respondents seated together in the same 
room where the focus groups were conducted, with respondents being allowed 
approximately 30 minutes to undertake the test. 
All respondents were provided with a Q-set or set of sample statements on paper stickers, a 
set of post-it notes and a paper matrix template of normal distribution. The matrix was 
arranged as a normal distribution to allow respondents to focus their attention on key 
statements of importance, i.e. those that they most strongly agreed or disagreed with. The 
use of a normal distribution matrix is not however essential to conducting a Q-test. The 
respondents were then asked that without conferring with the other respondents that they 
sort the statements in order of priority on the matrix. They were encouraged to stick the 
statements onto post-it notes prior to arranging them on the matrix so as to enable 
flexibility as they changed their mind through the process. 
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Figure 13 - Photograph of focus group respondents sorting Q-statements/set 
 
 
 
Photograph of completed test q-sort 
 
 
 
 
 
 
Figure 14 - Photograph of a completed Q-matrix from the focus group above 
 
 
 
 
 
 
 
 
 
Final Q-tests 
After conducting the initial focus groups and pilot Q-tests, results from the Q-tests were 
analysed and interpreted. This process is documented further in the Analysis section of this 
chapter.  
For the final Q-tests it was decided that respondents should be asked to conduct tests and 
be interviewed individually and in their own offices or places of work this was to avoid 
 
 
116 
 
respondents conferring with or being influenced by others while undertaking the Q-tests. 
Since the process of gathering busy working professionals together to meet on one specific 
day and at one time was also considered over complex and too time consuming for this 
procedure. 
The respondents chosen to undertake the final Q-tests were picked from a range of 
Passivhaus stakeholders involved in a broad range of professions according to their 
availability. All the respondents that had been invited to the original Focus Groups were also 
invited to part-take in these tests but some were not available to complete them.  
The original aim was to undertake analysis with up to 50 respondents from key construction 
industry professions represented by early Passivhaus innovators for example -  
1. Architects  
2. Engineers  
3. Educators  
4. Contractors  
5. Planners  
6. Clients  
7. Representatives from government advisory groups  
8. Etc. 
The final group of Q-tests and interviews was carried out with 35 respondents who were all 
Passivhaus stakeholders and from the range of professions as listed above, but also 
including for Passivhaus/Sustainability Consultants. Unfortunately no Quantity Surveyors or 
Cost Consultants were available for the tests at the time of research. 
It was not possible to carry out the tests and interviews with the exact proportion of 
respondents from each professional group due to availability of respondents within the 
designated Q-assessment/interview period i.e. from June- August 2010 inclusive.  
Respondents that conducted the Q-tests were from the professions listed as follows –  
1. Architects x 8 
2. Clients x 3 
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3. Policy Advisors x 4 
4. Educators x 3 
5. Contractors x 2 
6. Passivhaus/Sustainability Consultants x 4 
7. Planners x 3 
8. Engineers x 8 
An anonymised list of all the final respondents is included within the appendices for this 
thesis. 
These tests were conducted individually with respondents who were given a paper matrix 
onto which to sort the Q-sort statements. The Q-set or statements was provided on un-
numbered cards, so as not to influence the respondent’s ordering of the statements on the 
matrix. Prior to each individual Q-test, the cards were shuffled to re-order them. 
Upon completion of all the Q-tests and interviews with the respondents, the tests were 
analysed using PQ-methodology software. PQ- software is free downloadable software 
specifically designed for Q-analysis. It allows a researcher to feed in the results from Q-tests 
which can then be analysed to sort the opinions into key different factors of opinion which 
are salient to the group and debate. This analysis process is presented in the following 
results chapter of this thesis.  
Interviews 
Unstructured interviews were carried out with respondents during the course of individual 
Q-tests. These interviews were recorded using a digital recorder and transcribed. The 
transcribed interviews were reviewed and used to provide supporting quotations for the 
final results of the Q-analysis and overall research inclusive of case studies. The transcription 
from all the supporting unstructured interviews is provided in the appendices.  
Case Studies 
This research employs five case studies. These document three of the earliest Passivhaus 
developments in the UK and two German Passivhaus projects. These UK case studies were 
chosen primarily because they are early UK examples of Passivhaus buildings, but also 
because they represent different design and construction processes for their delivery. The 
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case studies provide a cross-section of project types which are compared against each 
other. 
The two German case studies have been included within this research as examples of multi-
dwelling Passivhaus developments. Both were built allowing for occupants to be engaged in 
the design process from the early phases of development and are currently types of 
Passivhaus development not represented in the UK. They are also examples from a country 
where the Passivhaus standard is better developed and were developments where it was 
possible to interview occupants who had lived in a Passivhaus building for more than a year, 
and ask them about their experiences of living in these developments. This was considered 
particularly important since it was not possible to obtain consistent interviews from 
residents of UK Passivhaus developments since only one of the UK Passivhaus case studies 
had actually been inhabited at the time of research and another only being used as a 
community centre and therefore not ‘lived in’ by occupants. 
The UK case studies are partly modelled on templates from case studies undertaken for the 
Good Homes Alliance (GHA) on behalf of the Department of Communities and Local 
Government (CLG) which resulted in the production of a booklet of four case studies 
documenting recent UK housing developments built to the low energy design standards of 
the Code for Sustainable Homes (CSH) Levels 3 and above. This booklet is publically available 
for purchase from the CLG and as a free download from the CLG website. (DCLG, 2009) 
The Case Studies in this research have used the structural framework employed for the GHA 
research to inform the template employed for the UK Passivhaus projects, which followed  
the rough structural format as follows –  
 Introduction 
 Technical Performance 
 Scheme Implementation 
 Cost/Value 
 Buyer/Occupant Feedback 
 Conclusions 
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The use of this template also allows for ease of comparison between UK CSH low energy 
homes and Passivhaus dwellings which has also been undertaken in previous research by 
the GHA and others in the UK. 
Validation 
According to Lincoln and Guba (Lincoln and Guba, 1985) and Lincoln and Denzin (Lincoln and 
Denzin, 1994) it is necessary to establish methods by which the quality of qualitative 
research can be assessed, this is relevant to this research.  
Lincoln and Guba propose two main criteria to enable this – trustworthiness and 
authenticity, where trustworthiness is made up of the following four criteria which have 
parallels in quantitative research –  
1. Credibility which is paralleled with the quantitative concept of internal validity 
2. Transferability which is paralleled with the quantitative concept of external validity 
3. Dependability which is paralleled  with reliability and 
4. Confirmability which is paralleled with objectivity  
Taking the above four points, credibility is linked to the concept of internal validity which 
asks for a good match between researcher’s observations and the theoretical ideas that are 
developed out of these, therefore the conclusions of this research. Transferability is linked 
to the concept of external validity and refers to the degree to which any findings can be 
generalised across social settings. In this case across findings from other Passivhaus case 
studies or opinions from other Passivhaus innovators. Dependability which is paralleled with 
reliability is the degree to which a study can be replicated. In the case of quantitative 
research it is often more straightforward to replicate research than for qualitative research 
which instead usually requires that a researcher tries to adopt the role of the previous 
researcher rather than trying to exactly replicate events from a social setting, (which are 
clearly impossible to fix in time). Confirmability is paralleled with objectivity which refers to 
the how much a study relates to reality as opposed to a purely subjective response to 
events. 
Film Validation  
The medium of film has been used as part of the documentation and validation process for 
this research. This was chosen for pragmatic reasons to -  
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- Document proceedings from focus groups, thus allowing for a visual and audio 
recording of the events and to aid the subsequent transcription of dialogue from the 
focus groups. 
- To document ‘real-time’ one-off events, for example documentation of events taking 
place on a construction site. This use of film supplements the case-study section of 
this research, but has also been used as a convenient device to show to relevant 
stakeholder groups in an edited form to generate discussion. 
- To produce edited and reproducible documentation of focus groups that can be 
shown to other relevant stakeholder groups so as to generate discussion. 
- To document interviews conducted in Germany with residents of Passivhaus 
dwellings. 
- To provide edited film footage of interviews with German residents of Passivhaus 
dwellings for viewing by relevant stakeholders/research respondents in the UK. 
- To produce edited and reproducible documentation of focus group and one-off 
events that can be used as an ethnographic/anthropological record of events. 
Film is a method to record visual and audio data. Subsequent edited versions of film footage 
can be shown to research respondents as a method by which research can be validated. This 
allows respondents to corroborate (or otherwise) with accounts that have been arrived at. 
Edited film from focus groups, interviews and construction site events has been used in this 
way for this research.  
Using film is a quick and immediate way to document events and engage with an audience. 
Its use can however present issues relating to the confirmability or trustworthiness of 
research, since, sometimes through the editing process, it allows for manipulation which 
can distort the documentation of factual evidence. It is therefore important that a 
researcher keeps unedited footage and has an understanding of his or her political 
reference of location or reflexivity in relation to the research.  
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Analysis and Interpretation  
 
The process of this research has involved several different stages of analysis. The majority of 
these relate to the processes surrounding Q-methodology. Different stages of analysis have 
been used to feed back into the entire research process and produce the whole. 
In their report ‘Renewable Energy and Discourses of Objection – Towards Deliberate Policy 
Making’ (Geraint et al., 2006)Geraint Ellis, John Barry and Clive Robinson use Q-
methodology to analysis public opinion relating to on-shore wind installations.  A 
literature review is used as part of their research processes to inform the content of early 
interviews which in turn produce data that is used for the production of a concourse and 
Q-sample for Q-methodology analysis. This process is then continued combining various 
‘loops’ of process that feed back into the research process as a whole allowing for 
different stages of analysis during this process. 
 
Figure 15 - Process Diagram from ‘Renewable Energy and Discourses of Objection – Towards Deliberate Policy Making’ 
 
 
 
 
 
 
 
 
(Geraint et al., 2006) 
The processes described in the flow chart diagram above allow for multiple Q-tests and 
focus research to loop back into the overall research process to create final results. This type 
of process has also been employed for this research but on a more limited and less complex 
scale. 
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Figure 16 - Research Process Diagram 
 
 
 
 
 
 
 
 
 
 
 
Q-Methodology 
Typically the process of Q-methodology is conducted in five stages as follows – 
1. The Concourse: This is the first stage and relates to the identification of a concourse 
or areas of concourse that one wishes to explore. The concourse is a technical 
concept for the collection of as many as possible statements that people can make 
about a subject, taking the context of research into consideration and within the 
parameters of a Q-test design. ‘The concourse is thus supposed to contain all the 
relevant aspects of all the discourses used  (Brown, 1993).In the case of this research 
the concourse was generated from focus group/s of  relevant combined industry 
professionals, and appropriate literature sources. It relates to the subject of 
potential barriers to the uptake of the Passivhaus standard in the UK.  
2. Q-sample: The second stage is to generate a Q-sample from the concourse material. 
The Q-sample is a set of statements that is presented to respondents to rank in order 
of priority. For this research the Q-sample was generated partly using the qualitative 
research software Nvivo. A Q-sample can be anywhere in the region of 20 – 80 
statements, but should be controlled in relation to assessment viability in terms of 
time etc. It is important to note that the statements forming the Q-sample do not 
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have to be either mutually exclusive or completely exhaustive but appropriate to 
cover the area of research in question. 
3. P-set: The third stage is to select a P-set or group of respondents. The size of the P-
set does not need to be large in order to generate meaningful results since Q-
methodology assumes finite diversity. For this research the P-set was a group of 
relevant construction industry professionals and consultants who have links to or 
who are interested in Passivhaus construction in the UK. Many prefer the P-set to be 
larger than the number of statements forming the Q-sample, but this need not be 
the case. 
4. Q-sorting: This is the fourth stage and refers to the process by which the 
respondents or P-set order the Q-sample.  
5. Analysis and Interpretation: This is the final analytical stage of the Q-methodology 
process during which similarities and differences in opinions of people can be 
ordered and correlated using Q-factor analysis. This can be undertaken using 
appropriate software. In this case PQ- method software was used to produce factors 
for interpretation. 
The Concourse and Q-sort Development 
The development of a Concourse and Q-sort can take various different formats depending 
upon the type of research being undertaken and the priorities of those undertaking that 
research. Many use literature reviews or text based articles for the Concourse. For this 
research the basis of the Concourse has been the transcribed focus group interviews, 
literature review and information from the case studies 
According to Watts and Stenner the exact procedure by which statements are chosen for a 
Q-sample can vary, with the end-product of a relevant and representative set of statements 
being the ultimate goal. 
‘In the end, the exact nature of the sampling task is of little consequence provided 
that the final Q set can justifiably  claim to be ‘broadly representative’ of the relevant 
opinion domain, and this aim might clearly be satisfied in a number of different 
ways.’ (Watts and Stenner, 2005) 
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For this research transcribed texts have been analysed and coded according to prevalent 
themes firstly using Nvivo software then again using mind-map techniques to form the basis 
of the final Q-sample. 
Pilot Q-tests 
In the case of the first pilot group Q-tests, the Concourse used was the transcription from 
the Focus Group held on 29th May 2009. This was developed into a Q-sample through coding 
the text into specific themes with the help of Nvivo software but also including information 
from early the early literature reviews and the review of the history of the Passivhaus 
standard. The aim was to cover the broad range of themes brought up as part of focus 
group discussion on the theme of the barriers to the uptake of ’the Passivhaus standard in 
the UK’ within a concise concourse suitable for Q-tests. 
Below is a sample graph generated using results from Nvivo analysis showing percentage of 
discussion coverage from the focus group in relation to the themes; culture, legislation, 
education, skills, CSH (The Code for Sustainable Homes), finance, building details, existing 
systems, SAP and PHPP, demand, awareness of Passivhaus, costs, carbon vs. energy, 
aesthetics, planning, ambition, existing stock, construction types and supply chain. These 
themes have been used to help develop the concourse for the pilot Q-tests. 
Figure 17 - Topics of Discussion in Pilot Focus Group 
 
 
 
 
 
 
 
 
List of P-sort statements 
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These coded themes were used as guidance to produce a Q-sample of 34 statements. Some 
of the Q-statements relate to more than one theme, since the subjects of discussion often 
involved multiple issues. 
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Figure 18 - Pilot Q-Concourse  
 Pilot Concourse – Q-sample statements  Topic Category 
1 There is a lack of understanding in the UK as to what a Passivhaus actually is Education 
2 Acceptance in the UK of ‘unproven’ concepts Awareness 
3 General availability of component and secure supply chains within an immature 
market 
Supply Chain 
4 We lack financial incentives in the UK Cost/finance 
5 Passivhaus designs are too expensive Cost 
6 We do not understand a foreign (German language) product Culture/Education 
7 Passivhaus is not appropriate for the UK climate Climate 
8 We do not have adequate construction skills Skills 
9 We do not have adequate design skills Skills 
10 PHPP (Passivhaus Planning Package) is too complicated SAP vs. PHPP 
11 The Passivhaus standard is too inflexible Culture/existing systems 
12 We already have the Code for Sustainable Homes which is adequate CSH 
13 Passivhaus does not take overall sustainability into consideration Existing Systems/Regulation 
and Legislation 
14 The German name Passivhaus is not appropriate for the UK market Culture 
15 There is a lack of UK precedent Awareness/Education 
16 We do not understand building fabric performance adequately in the UK Building Details/Education 
17 Passivhaus buildings are too restrictive for occupants Awareness/Culture 
18 The materials used to construct Passivhaus designs have too high embodied energy Awareness/Education 
19 Passivhaus will not catch on unless major UK house builders design to this standard Culture/Existing 
Systems/Demand 
20 The UK government will only look to the BRE for advice and not beyond Existing Systems 
21 People associate low energy building design with renewables not fabric 
performance 
Education/Carbon vs. Energy 
22 UK procurement methods do not work well for Passivhaus design Existing Systems/Culture 
23 In the UK we have a ‘quick-buck’ mentality as opposed to one that allows for the 
production of quality products 
Culture/Ambition 
24 We are too pragmatic to adopt the standard in the UK Culture 
25 We do not adequately understand MVHR in the UK particularly in the domestic 
context 
Education/Skills 
26 UK current legislation and guidelines do not favour Passivhaus design Regulation and Legislation 
27 The Government does not understand the UK construction industry Existing Systems 
28 Our planning system is a barrier to Passivhaus design Planning/Existing Systems 
29 PHPP is not currently developed to allow for UK design scenarios SAP vs. PHPP 
30 We do not understand how to detail buildings to the Passivhaus standard in the UK Building Details/Education 
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31 Current UK construction types are not appropriate for Passivhaus Construction Types/Existing 
Stock 
32 Current UK building aesthetics do not suit Passivhaus Aesthetics 
33 There is currently no market for Passivhaus designs in the UK Demand 
34 People in the UK are frightened by the high degree of air-tightness associated 
required for Passivhaus designs 
Education/Awareness/Culture 
 
The statements for this sample were chosen to cover as broad as possible range of the 
themes that were discussed in the Focus group but also considering the weightings from the 
Nvivo analysis for guidance. The number of statements was chosen to reflect the amount of 
time that respondents would have to carry out the Q-test or sort. 
The pilot Q-tests were undertaken with a total of 29 respondents with two of the Q-sort 
matrices produced being spoilt. The analysis involved entering each Q-test set of statements 
into the software manually, calculating the significant factor loading by hand and analysis of 
the resulting key factors produced. This end set of data produced three key factors of 
opinion. The factors of opinion are groupings of opinion organised as a result of the Q-
analysis which gives weightings to the opinion statements according to how the 
respondents have ordered them as part of the Q-tests. Therefore the opinions across the 
whole group are sorted into specific groups. 
These factors of opinion are characterised by the following statement groupings -   
Factor 1 
 We lack financial incentives in the UK 
 There is a lack of UK precedent 
 We do not have adequate design skills  
 General availability of components in a secure supply chain is a problem 
 We do not think it is a problem understanding a German language product 
 Passivhaus designs are not too expensive 
Factor 2 
 We lack financial incentives in the UK 
 We do not have adequate construction skills in the UK 
128 
 
 We do not understand how to detail buildings to Passivhaus standard  
 There is a general lack of availability of components and secure supply chain 
 We do not adequately understand MVHR in the UK 
 We are not worried by the German name Passivhaus  
 And we do not agree that there is currently no market for Passivhaus designs in the 
UK 
Factor 3 
 We lack financial incentives in the UK 
 In the UK we have a ‘quick-buck’ mentality as opposed to one that values quality 
 There is a general lack of availability of components and secure supply chain 
 UK procurement methods do not favour Passivhaus design 
 We do not think that Passivhaus design buildings are too restrictive for occupants 
 Nor do we think our planning system or the fact that we have the Code for 
Sustainable Homes are barriers to the uptake of Passivhaus design in the UK 
Upon review of the findings and processes involved in this initial pilot test, flaws were 
discovered in the process, these related specifically to the wording of the statements 
making up the Q-sample which included double negatives and statements that were difficult 
for respondents to understand and categorise according to either positive or negative 
values. 
Q-tests 
The final Q-sample of statements for the Q-analysis was derived from the transcriptions 
from all the focus groups inclusive of the pilot focus group held on 29th May 2009 and the 
group discussion held at Ecobuild on 2nd March 2010 together with key themes from the 
case studies and literature review. 
As with the Q-test pilots, Nvivo software was used as an aid to help code the transcriptions 
into relevant themes, relating to most discussed topics  The key themes were then extracted 
and converted into neutral statements written in a way which could easily either be agreed 
or disagreed with. Once an initial set of statements was arrived at this was reviewed by a UK 
Passivhaus expert to see if any important areas or themes were omitted. Areas or themes 
129 
 
that had been found to be omitted were issues that had appeared in recent literature and 
press coverage relating to the development of the Passivhaus standard in the UK. 
Once a significant number of statements were compiled, these were sorted into discussion 
themes for example those relating to legislation, or technical issues. These themed groups 
were then used to extract a final set of statements or Q-sample, making sure that as broad a 
range of issues for the sort was covered but which was also reflective of the weightings of 
themes of discussion as highlighted from the Nvivo coding. 
The final number of statements chosen for the Q-sample was decided upon to reflect the 
amount of time that each respondent would have to sort the statements, which was 
estimated as being about 30-40 minutes. It was therefore considered that a set of 
approximately 40 statements would be appropriate and feasible to sort within this time-
scale. The final number of statements chosen for the Q-sample was 43The graph below is a 
sample graph generated using Nvivo showing some potential coding of themes from the 
concourse but is not conclusive for the final themes used for the Q-statements forming the 
Q-sample. The statements for the final Q-tests often reflect more than one theme as was 
the case in themes discussed during focus groups. 
Figure 19 - Sample graph generated using Nvivo. Discussion topics from the focus group held on 04.12.10.  
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The table on the following page is the final Q-sample of statements used for Q-analysis .The 
statements were not given to respondents as numbered statements since this may have 
influenced the way they chose to sort the statements on the matrix. 
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Figure 20 - Final Q-sample of statements used for q-analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Which of the following statements which relate to the uptake of 
Passivhaus in the UK do you most agree or disagree with? 
Topic Category 
1 The Passivhaus Standard is well understood in the UK Awareness/Education 
2 Passivhaus buildings offer good comfort for occupants Comfort 
3 Passivhaus components are affordable in the UK Supply Chain/Cost 
4 There is a mature supply chain for Passivhaus components in the UK Supply Chain 
5 There are financial incentives to build Passivhaus designs in the UK Financial incentive/cost 
6 Passivhaus designs are too expensive Cost 
7 The UK responds well to the Passivhaus German Language product Culture/Existing Systems 
8 Passivhaus is appropriate for the UK climate Climate 
9 UK construction skills are appropriate to build Passivhaus designs Skills 
10 UK design skills are appropriate to design Passivhaus buildings Skills 
11 PHPP is a more appropriate software for low energy building design than SAP SAP vs. PHPP 
12 The Passivhaus standard is  very flexible Flexibility/Awareness 
13 The Code for Sustainable Homes is a better standard than the Passivhaus standard CSH/Existing Systems 
14 The German name Passivhaus is appropriate for the UK market Culture/Brand 
15 The UK has many existing Passivhaus buildings to learn from Precedent/Education 
16 We understand building fabric performance well in the UK Education 
17 The materials used to construct Passivhaus designs have very high embodied 
energy 
Education/Awareness 
18 Passivhaus buildings are restrictive for occupants Culture/Awareness 
19 The Passivhaus standard will only catch on if the major house builders adopt it Existing Systems/Culture 
20 The UK Government only looks to institutions such as BRE to develop building 
standards  
Existing Systems 
21 People associate low energy building performance with on-site renewable energy 
technologies not fabric performance 
Education 
22 UK procurement methods work well to deliver Passivhaus designs Procurement/Culture 
23 The UK construction industry has a ‘fast buck’ mentality where quantity is more 
important than quality 
Culture/Ambition 
24 Passivhaus buildings have to perform as specified to work Performance/Education 
25 UK current legislation favours Passivhaus design Regulation and 
Legislation/Existing Systems 
26 MVHR uses more energy than it saves Education/MVHR 
27 Our planning system supports the Passivhaus standard well Planning/Existing Systems 
28 PHPP is developed well for UK design scenarios SAP vs. PHPP 
29 The use of MVHR improves indoor air-quality MVHR/Indoor Air 
Quality/Education 
30 We understand how to detail buildings well in the UK Building Details/Skills/Education 
31 UK construction types are appropriate for Passivhaus designs Construction Type/Culture 
32 There is a market for Passivhaus designs in the UK Demand 
33 Passivhaus designs work well with UK building design aesthetics Aesthetics 
34 People in the UK are frightened by the high degree of air-tightness associated with 
Passivhaus designs 
Indoor Air Quality/Education 
35 The UK has a lack of ambition when it comes to building low energy buildings Ambition/Culture 
36 Passivhaus designs are future proof Future Proof 
37 Passivhaus buildings are difficult to construct Construction/Education 
38 We understand building energy performance well in the UK Education 
39 In the UK there is a good communication between construction trades Communication/Skills/Culture 
 
 
There is good communication between different members of the design team in 
the UK 
Communication/Skills/Culture 
41 UK clients are ready to adopt the Passivhaus standard Demand 
42 The Passivhaus standard is appropriate for domestic, non-domestic buildings and 
refurbishment projects 
Awareness/Existing Stock 
43 Passivhaus needs strong and coherent representation in the UK  Representation/Awareness 
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Prior to undertaking the final Q-tests an initial set of statements was piloted with a key 
expert working within the field of Passivhaus design, this was to check that the statements 
were representative and relevant to the issues relating to the uptake of Passivhaus design in 
the UK. The statements were also reviewed by a seasoned Q-practitioner to check that they 
were appropriately worded to allow for the respondents to sort them. 
Upon completion of all the Q-tests and interviews with the respondents, the tests were 
analysed using PQ-methodology software.  
Research Methods Limitations 
 
The main limitations that affect these research methods lie in the constrained time available 
in which to undertake the research. This has meant that the context surrounding the 
emergence of the Passivhaus standard in the UK and the opinions of Passivhaus 
protagonists may potentially have changed since the research began. 
Other limitations lie in the facts that opinions of those involved in focus groups may 
potentially have been affected by others involved in the focus groups i.e. the social 
structure of the focus groups may have either inhibited or conversely encouraged 
respondents to contribute their opinions. This is in part compensated for through the use of 
more than one focus group and other literature material inclusive of findings from the case 
studies to produce the Q-sample. In conjunction with this people’s opinions change over 
time and thus it is likely that if similar focus groups were conducted this year or the next, 
then the opinions represented would be different. This fact has the potential to act to 
strengthen research since the methodology can potentially be repeated at intervals to gain 
snap-shots of opinion over time and therefore more diverse opinion. 
Specific limitations of using Q-methodology lie in the fact that this research technique 
involves the researcher’s interpretation of data to produce a Q-set of statements and 
interpretation of the results of analysis. This allows the researcher’s values to partly 
influence results. Other limitations can be linked to the fact that it produces a ‘snap-shot’ of 
opinion from a specific time as opposed to one as a temporal narrative. 
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The combination of the use of Q-methodology with the Case Studies allows for comparison 
between findings from both which allows the Q opinion analysis to be balanced against 
more fixed technical findings from the Case Studies. 
Case Studies in themselves offer the opportunity to present a broad set of findings which 
some argue are by their nature case specific, they can however allow for an insight into an 
understanding of some more general aspects of behaviour -  
‘First we need to recognise that case studies, limited to a particular set of 
interactions, still allow one to examine how particular sayings and doings are 
embedded in particular patterns of social organisation’ (Seale, 2004) 
Flyvberg (Flyvberg, 2006) however argues that case studies also allow for a deep 
understanding of a subject area and that generalisations can in fact be made on the basis of 
a single study. He also argues that - 
‘The advantage of the case study is that it can ‘close in’ on real-life situations and test 
views directly  in relation to phenomena as they unfold in practice’ (Flyvberg, 2006) 
As such, case studies have been used as part of this research. 
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Case Studies 
 
Despite some early non-accredited Passivhaus developments being completed in the UK 
after 1997, notably in Scotland, it was not until January 2009 that the UK saw the 
completion of its first accredited Passivhaus office building, the Canolfan Hyddgen 
(Community Centre) in Machynlleth,Wales.  
 
This first Passivhaus office development together with subsequent UK Passivhaus 
developments at ‘The Works’ Ebbw Vale, Wales and the Passivhaus at Denby Dale have 
been used as case studies to demonstrate examples of early Passivhaus buildings in the UK. 
They present some of the issues that were experienced through their procurement and 
construction and may provide further insight into factors currently affecting the uptake and 
the development of the Passivhaus standard in the UK. 
 
These UK case studies have then been supplemented with similar, but occupant feedback 
weighted case studies, from two German Passivhaus developments in Frankfurt and Berlin. 
These case studies have been included to provide further information from occupants into 
the experiences of actually living in a Passivhaus. These case studies are also examples of 
multi-dwelling Passivhaus buildings, a typology that did not exist in the UK at the time of 
writing this thesis. 
 
These brief occupant feedback studies from German developments also offer some insights 
into alternative models for Passivhaus living and procurement. This is one that allows the 
occupant to have a greater involvement in the design and maintenance of their buildings 
than is currently typical for most UK multi-dwelling developments. 
 
With the exception of the Denby Dale Passivhaus, which was not visited during this research 
due to time constraints, all the case studies have been visited. Brief unstructured interviews 
have also been conducted with available relevant protagonists involved in their design 
and/or procurement. These have been use  to inform the case studies. In the case of the 
German case studies inhabitants of the buildings have also been interviewed. 
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For ‘The Works’ development at Ebbw vale and the two German Passivhaus buildings, film 
footage was recorded of site events and interviews. This has been used as a method for data 
acquisition and to provide supplementary presentation material to support the case studies. 
This film footage together with filmed interviews with residents of the German projects are 
included as part of the appendices to this research. 
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UK Case Studies 
 
Canolfan Hyddgen  
 
Figure 21 - Canolfan Hyddgen, Machynlleth 
 
 
 
 
 
 
 
 
 
 
 
 
Design Team 
Client Powys County Council (PCC) and Welsh Assembly Government 
(WAG) 
 
Architect John Williamson, JPW Associates 
Project Management PCC and JPW 
Contractor C.Sneade Ltd 
Mechanical and Electrical 
(M+E) Design 
JPW, Drexel and Weiss and Flare Wales Consultants 
M+E Contractors Flare Wales and EOM 
BREEAM Assessor GB Sustainable Project Management Ltd (GBSPM ) 
Introduction 
The Canolfan Hyddgen or Community Centre in Machynlleth, Wales was designed by JPW 
Associates. It was commissioned by Powys County Council with funding from the Welsh 
Assembly Government in the Winter of 2007 as part of the Dyfi Valley Pathfinder Project 
(Bradley, 2009).The building finally reached completion in the spring of 2009 and has since 
been occupied. It is used as a community centre and for adult training inclusive of IT 
training. 
The client’s aim was to procure a low energy building that would be suitable for multi-party 
tenants and which would be cost efficient to run. They wanted to provide an affordable 
facility for the local community (PCC, 2010) 
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According to John Williamson, the architect for the project, the client saw the use of the 
Passivhaus standard as a means to comply with their intentions to provide a building with 
low running costs and low energy use and CO2 emissions at the same time of achieving 
BREEAM Excellent. 
‘The Welsh Assembly funding brought with it the BREEAM requirements of Excellent. 
The client and the team aspired to exceed this standard and deliver a low 
carbon/energy building. To meet this requirement and aspirations, the team decided 
to design the building around Passivhaus principles – high levels of insulation and air-
tightness, solar gain and efficient heat recovery systems to ensure low levels of 
energy usage, methods more commonly used in Continental Europe’ (Bradley, 2009) 
Technical Performance 
This building was designed to meet the dual performance targets of the UK’s low energy 
building design standard BREEAM to the highest level of BREEAM Excellent, and the 
Passivhaus standard. This development was the first public sector accredited Passivhaus 
building in the UK and the first non-domestic building constructed in the UK that combined 
both BREEAM and the Passivhaus standard 
‘The building is the first public sector building in the UK to be certified by the 
Passivhaus Institut’ (Bradley, 2009) 
The aim of using both standards was to construct a building that would have the low energy 
performance associated with the Passivhaus standard at the same time as employing wider 
sustainability criteria as specified within BREEAM, such as the incorporation of on-site 
renewable energy technologies and sustainable and locally sourced construction materials.  
The overall energy performance target was to reduce space heating by 85%, thus also 
reducing overall CO2 emissions and facilitating compliance with PCC CO2 overall reduction 
targets of 30% by 2012 and 50% by 2017. It was estimated that the centre would yield 
potential carbon saving of 39,000 tonnes and cost savings of £7.8m between 2009 and 2014 
(Williamson, 2009a) 
Building Fabric 
A combination of construction methods were used for this building these combined a 
central masonry core with external timber frame and I-beam cassette roof. Care was taken 
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in the design of the timber frame to ensure for thermal bridge free junction details, which 
are required to meet the Passivhaus standard and to allow for the incorporation of the air-
tightness breathable membrane. A living roof forms part of the design for this building and a 
heavy- weight floor construction is used to provide thermal mass to help moderate internal 
temperatures. Cellulose insulation was utilised throughout the external fabric as were triple-
glazed Passivhaus certified windows. 
‘External walls are constructed from prefabricated timber frame and wood-faced 
cassettes, which incorporate recycled newspaper insulation. The first floor is 
constructed from hollowcore concrete slabs. The solution adds thermal mass to the 
building while enabling the use of a pre-fabricated, highly insulated, lightweight 
façade’ (Williamson, 2011a) 
Figure 22 - Canolfan Hyddgen Fabric Performance 
Fabric Performance 
Element U-value/performance 
North pitched roof U-value 0.11W/m2 K 
South pitched roof U-value 0.12W/m2 K 
Walls U-value 0.12W/m2 K 
Ground U-value 0.12W/m2 K 
Doors and Windows U-value 0.79W/m2 K 
Air-permeability 0.249 -1 @ 50 Pa  
 
 
Building Services - Heating, Cooling, Ventilation, Lighting and Appliances 
A mixed-mode ventilation strategy was employed which uses a timer and PIR (Passive 
Infrared) controlled ventilation system comprising five Drexel and Weiss Aerobusiness 
MVHR units, supplemented with a night-time cooling strategy which allows for windows to 
open at night to provide additional natural ventilation and cooling.  
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The building was designed to make maximum use of daylight to meet BREEAM 
requirements. Low energy daylight linked, artificial lighting using T5 linear fluorescent lamps 
have been installed throughout the interior. The lighting was designed within the overall 
energy use parameters of 10W/m2, so as to meet the requirements of Passivhaus design. 
A BEMS (Building Energy Management System) has been installed that allows for remote 
management of the building energy systems. Low energy computers and monitors were 
used throughout, but were these were not as efficient as is possible, due to procurement 
issues with PCC. 
‘As the project’s design phase was coming to a close, Powys County Council decided 
to add a computer server room to the scheme. This added another 720 Watts of heat 
to the project. The Council also decided to stick with its existing IT supplier rather 
than purchase the low energy PCs originally proposed. As a result of the changes the 
scheme’s predicted energy consumption rocketed to 184 kWh/m2/yr, which was a 
long way above the 120 kWh/m2/yr figure which would guarantee Passivhaus 
certification’ (Williamson, 2011a) 
Despite this additional heating load, which is relatively small in comparison to the overall 
demand in a non-Passivhaus and more conventional similar building, the changes relating to 
the IT systems meant that the architects had to devise new methods by which to control this 
additional heat gain in the building. This was achieved by adding a brise soleil to the south 
façade, daylight linked controlled lighting and through fitting mechanical timers to sockets 
to eliminate standby losses. 
‘Finally, movement detectors were added to the MVHR units serving the computer 
suites to enable the room's lights to be turned off and the MVHR units to run at 
minimum speed when the space was unoccupied’ (Williamson, 2011a) 
These changes reduced final loads down to 144 kWh/ m2 a. Which is still technically over the 
compliance limit for Passivhaus certification but  
‘the Institut still certified the building because the computer servers supply other 
buildings and because the designers had done everything possible to reduce the 
loads’ (Williamson, 2011a) 
140 
 
 
Auxiliary space heating was provided using an ultra low NOX 24kW gas boiler. This was 
installed despite heating loads only meeting 4.8kW due to the fact that the contractor 
employed 
‘… had not worked on a Passivhaus scheme before’ (Williamson, 2011a) 
The use of a low NOX boiler is a requirement of BREEAM compliance. The heat from this 
boiler is distributed using radiators with TRV (Thermostatic Radiator Valves) and thermostat 
zone control. Domestic hot water is provided using a localised 15-30 litre instantaneous 
electric water heater. Low flow taps have been installed as have waterless urinals. 
A 7kW array of roof-mounted photovoltaic panels (PVs) has been installed with the 
intention that this is supplemented at a later date by a further 20kW array, which will be 
mounted remotely from the building itself. The intention of this is to provide further carbon 
reductions from the building  so that it will meet UK targets required for a net ‘zero carbon’ 
building. 
Cost 
The 410m2 building had a base build cost of £1537 /m2 and the overall cost including PVs, 
living roof and canopy was £1784 /m2. (Williamson, 2011a) 
According to cost analysis presented by BRE and Quantity Surveyors Faithful and Gould in 
their report dated September 2008 the benchmark cost to procure a Part L Building 
Regulations compliant secondary school of 3116 m2 is estimated to be £1711/m2 and for this 
building type to meet the requirements of BREEAM Excellent the cost would be between 
£1789-1865/ m2 (BRE and Faithful and Gould, 2008) 
The Canolfan Hyddgen can therefore be seen to have cost a similar price to an equivalent 
sized UK school building built only to BREEAM Excellent compliance. 
Scheme Implementation 
The centre is currently being monitored using a remote access monitoring system with data 
gathered being analysed by the Passivhaus Institute in Darmstadt (Williamson, 2009a).This is 
to gain a better understanding of the performance of a Passivhaus building in the UK 
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climate.  This information is also intended to help inform the client about energy use and 
enable improved billing and management strategies. 
Wherever possible components used for the construction of this building were UK sourced. 
Key components such as the MVHR systems and windows were however supplied from 
Germany and Austria due to lack of indigenous UK availability of suitable products at the 
time of construction. 
According to John Williamson from JPW architects, Drexel and Weiss who were the 
manufacturers of the MVHR units were originally reluctant to supply their equipment for 
use on this project due to the fact that they did not trust British design ability and 
workmanship skills which they thought could possibly discredit their products (Williamson, 
2012). In conjunction to this, the UK M+E engineers were not confident with supporting 
certain aspects of the Passivhaus design which meant that this aspect of the design had to 
be carried out at risk by JPW. John Williamson also stressed that the success of the project 
was reliant on strict adherence to quality control of construction processes on site 
(Williamson, 2012). 
In an article from Green Building magazine titled ‘First Certified non-domestic Passivhaus in 
the UK’, architect John Williamson spoke about some of the issues that inhibited the 
procurement process for the project and stated that - 
‘A major issue appears to be that councils are locked into framework agreements 
involving the more conventional technologies because their maintenance teams and 
procurement officers are reluctant or unable to change suppliers quickly’(Williamson, 
2009a) 
Other challenging issues included the design and installation of suitable thermal bridge free 
details that the timber frame supplier could guarantee and that the Passivhaus Institute in 
Darmstadt would accept. 
Buyer/Occupant Feedback 
This project has initially been well-received by both the client and occupants and after the 
first two years monitoring its performance has exceeded that of the design predictions. The 
designed energy consumption figures were originally predicted as being 144kWh/m2 a., but 
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were shown to be only 80 kWh/m2 a (Pearson, 2011).The heating loads for the building 
were also lower than expected being 14.8 kWh/m2 a. as opposed to the 15kWh/m2  a. which 
is the requirement to meet the Passivhaus standard. This lower energy and space heating 
use has led to reduced bills with annual heating costs of just £130. (Pearson, 2011) 
This building was also found to perform well in terms of occupant comfort with internal 
winter temperatures ranging between 20°C and 22°C, depending upon occupant settings of 
TRVs. The results of the monitoring of the summer internal temperatures during the first 
year showed temperatures reaching as high as 26°C, this was however investigated and 
explained due to damage to an external sensor which caused a fault in the night-time purge 
ventilation. (Pearson, 2011) 
The table below (Figure 23), shows as predicted and actual monitored energy performance 
for the Canolfan Hyddgen. The building was designed using PHPP which is a requirement of 
Passivhaus compliance. It was also modelled using TAS software so as to comply with UK 
Building Regulations. Modelling the building for compliance with both UK Building 
regulations and the Passivhaus standard created more work and costs as explained by John 
Williamson -  
‘However creating two sets of data for PHPP and TAS was time consuming and did 
add to the costs’ (Williamson, 2011b) 
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Figure 23 - Canolfan Hyddgen Predicted and Measured Performance  
 
 
 
 
 
 
(Williamson, 2011a) 
Conclusions 
Some key issues that had to be addressed to enable the successful delivery of this project 
were –  
 A special consideration to detail design 
 An adherence to careful on-site quality control 
 Perseverance of the design team when dealing with the design and procurement of 
non-UK based technical systems such as the MVHR units i.e. reassurances had to be 
gained and extra communications were necessary with suppliers of non-UK 
manufactured equipment to support performance and installation 
 It was felt that this project was delivered successfully in spite of, and not because of, 
existing public procurement frameworks and systems. 
According to the PCC Good Practice report produced as part the Excellence Wales scheme, 
lessons learnt from delivery of the project were –  
‘To achieve a low or zero carbon building, a collaborative working approach between 
the client, project manager, design team and contractor is required. The contractor 
must be involved at a very early stage in the design process. A lowest price or 
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adversarial culture is counterproductive. Envelope air-tightness is the fundamental 
foundation of a sustainable low or zero carbon building. ‘Eco bolt on’ systems alone 
will not achieve this aspiration. The whole team, including the client must be 
prepared to use new construction techniques and innovative products’ (Bradley, 
2009) 
Although this was the first UK accredited Passivhaus building, and was built to both the 
Passivhaus standard and BREEAM Excellent, it was built at no extra cost in comparison to an 
equivalent, non-Passivhaus building in the UK. This building was also designed and 
constructed by UK consultants and contractors and largely using UK sourced materials, thus 
proving the initial potential viability of the use of the Passivhaus standard to construct this 
type of project in the UK. 
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Larch House: The Works EbbwVale 
 
Figure 24  - The Larch House, Ebbw Vale 
 
 
 
 
 
 
 
 
Design Team 
Client United Welsh Housing Association and WAG  
Project Management Bere Architects and BRE 
 
Architect Bere Architects 
Contractor Pendragon Design and Build Ltd 
Mechanical and 
Electrical (M+E) Design 
Alan Clarke 
Structural Engineer Bob Johnson Consulting Structural Engineers   
CSH Assessor Brooks Devlin 
Air-pressure Test ALDAS Paul Jennings 
 
Introduction 
The Larch house is one of a pair of three bedroom family houses that have been constructed 
to the Passivhaus standard as part of ‘The Future Works Housing’ development at ‘The 
Works’ Ebbw Vale regeneration project in Wales.  The client for the houses was United 
Welsh Housing and these dwellings are two of 720 low energy houses that are being 
procured by various local organisations in the Ebbw Vale area, and which are being 
constructed on the site of an old steelworks at Ebbw Vale, South Wales.  
  
The housing forms part of a £300m mixed use regeneration plan which is being co-ordinated 
by Blaenau Gwent County Borough Council (BGCBC) and the Welsh Assembly (WAG). The 
design requirement for all the housing on the site is that it should be designed to a 
Photo by Mike Dearden 
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minimum specification performance of CSH Level 5 compliance. The remit of BGCBC and 
WAG has been to provide affordable energy efficient housing for the future –  
 
  ‘… establishing Ebbw Vale as the centre of a new sustainable construction industry 
in Wales and inspire a generation of housing that sets new standards in energy 
efficiency while being affordable and very cheap to run (Bleaunau Gwent County 
Borough Council, 2012) 
Technical Performance 
The Larch house has been built to the Passivhaus standard at the same time as achieving 
CSH Level 6 which makes it (according to Bere Architects on their blog) -  
‘The UK’s first zero carbon (CSH Code 6) low cost, certified Passivhaus’ (Bere 
Architects, 2012) 
In accordance with client requirements the house is being monitored to assess energy 
performance by the Welsh School of Architecture with funding from the UK Government 
organisation, the Technology Strategy Board (TSB). This monitoring includes a co-heating 
test conducted prior to it being occupied. This is being followed by energy use and POE 
monitoring during the first year of occupancy from 2012. Initial energy monitoring of the 
project commenced in February 2011. 
Building Fabric 
The Larch House was built using timber frame construction on a concrete raft foundation.  
The home was designed to make maximum use of passive solar gains to support winter 
heating demand through the use of large south facing, Passivhaus certified windows. These 
cover 55% are of the south facade. Part of the aim of the windows is to optimise daylight 
levels within the house, but their size added to the final costs. 
In contrast to the design of the Larch House, the second Passivhaus designed by Bere 
Architects for this site; ‘The Lime House’, uses smaller windows and the design strategy to 
achieve the Passivhaus standard which focuses on an overall average heat load of a 
maximum of 10W/m2 . Passivhaus certified Windows meeting the requirements of the 
Passivhaus standard were specially designed for the Lime House and as products to be 
manufactured in the UK.  
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Figure 25 - The Larch House Fabric Performance 
 
Fabric Performance 
Element U-value/ Performance 
Roof U-value 0.074W/m2 K 
Walls U- value 0.095 W/m2 K 
Ground U-value 0.076W/m2 K 
Windows U-value 0.8W/m2 K 
Air-permeability 0.2 h-1 @ 50 Pa 
 
Building Services - Heating, Cooling, Ventilation, Lighting and Appliances 
The ventilation for the Larch house is via a whole house ventilation system using a 
Passivhaus accredited German MVHR unit. Top-up space heating and domestic hot water 
heating has been supplied from a gas condensing boiler. Domestic hot water supply is also 
supported through the use of roof mounted solar thermal panels. 
According to Peter Warm who certified the project as a Passivhaus project in the UK – 
‘On the heat load UK suffers from a lack of weather data containing heat load data. 
Our approach in the UK so far, has been to avoid heating just by the ventilation 
system, and so we have supplementary heating which has been designed to be 
independent. This has been sized separately to PHPP’ Peter Warm (PHI, 2012a) 
Low energy lighting using compact fluorescent and LED lamps has been used throughout as 
have low energy appliances. Additional small power is supplied through photovoltaic panels. 
Specific details were provided by the design team for all service penetrations of the air-tight 
barrier. The number of these penetrations was kept to a minimum and any additional 
penetrations required during the build were specially cleared by the design team. 
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Cost 
Cost comparisons were undertaken against the Royal Institute of Chartered Surveyors (RICS) 
RICS/BCIS database for one-off detached houses on lowland sites. These provided the 
following costs for the Larch and Lime house in comparison to standard UK estate houses. 
The 100m2 three bedroom Larch House built to CSH Level 6 and the Passivhaus standard 
inclusive of PV array, large windows and external sunshade blinds was priced at £1700/m2 
with a typical estate house costing £1105/m2. The cost of the Larch Passivhaus excluding the 
PVs but including the large windows and external sunshade blinds was £1471/m2 with a 
comparable estate house being priced at £956/m2(Bere Architects, 2012). 
The overall conclusion of the costing was that currently building to the Passivhaus standard  
for a mass house builder, as part of an estate project, using this type of design and 
construction would potentially mean an increase in the region of £9,500 more per unit or an 
equivalent uplift of about 10%, however additional build costs could be offset against 
energy in use savings from the house throughout its life-time with payback periods of 
approximately 14-17 years (Bere Architects, 2012) 
Scheme Implementation 
This was a prototype development and according to the architects great care was taken to 
construct the house to the design specifications.  This included the provision of relevant 
training for the contractors when new skills were required. For example, German window 
manufacturers were brought over from Germany to demonstrate the processes required to 
install a window to the Passivhaus standard. Part of this process has been filmed to 
accompany these case studies and is included as part of the appendices. 
Buyer/Occupant Feedback 
The Larch house is currently occupied by family who took part in a competition to live there 
(Bere Architects, 2012).  
A user guide in the form of a poster was provided by Bere architects to help inform the 
occupants about the operation of technologies and control strategies for the house.  
Conclusions 
This project highlights some key issues in relation to the development of the Passivhaus 
standard in the UK, for example the potential need for skills training to enable contractors 
to better understand the construction techniques required to build a Passivhaus building. 
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These houses demonstrate two different approaches to meet Passivhaus compliance which 
have resulted in separate designs and project costs. These designs may also result in 
different levels of energy performance over time especially considering the different glazed 
areas and window sizes for The Larch House and The Lime House. This could have the 
potential to affect heat gains and losses. 
The estimated 10% increase in cost in comparison to similar ‘conventional’ estate housing 
could prove prohibitive to contractors and/developers and also to customers if this cost is 
passed on through the sale of the housing, even if energy in use costs are estimated to be 
very low. It is argued that these costs relate to the prototype nature of the project and it 
would be anticipated that they would reduce as expertise and design understanding 
develops. 
In a similar way to the Canolfan Hyddgen project, quality assurance (QA) procedures 
ensuring specific care to detail design and construction were essential for the successful 
delivery of this project and meeting the Passivhaus low air-permeability requirements.  
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The Denby Dale Passivhaus 
 
Figure 26 - Denby Dale Passivhaus 
 
 
 
 
 
 
 
 
 
Design Team 
Client Geoff and Kate Tunstall 
Architect Derrie O’Sullivan 
Project Management Bill Butcher, Chris Herring and the Green Building Store 
Contractor The Green Building Company 
Mechanical and Electrical (M+E) 
Design 
Peter Warm and Warm Low Energy Building Practice 
Mechanical and Electrical 
Contractors 
The Green Building Company  
Code for Sustainable Homes 
(CSH)  Assessor 
Jim Parker (1st Base Projects N.B only a part CSH 
assessment was completed) 
 
Introduction 
The Denby Dale Passivhaus which is located in West Yorkshire in the UK is a 118m2 three 
bedroom detached house built by private clients who wanted an affordable and energy 
efficient home for retirement.  
Geoff and Kate Tunstall who are the clients of The Denby Dale Passivhaus, employed Bill 
Butcher, a director of a local ‘green’ building supply and contracting company, the Green 
Building Store, as a consultant for their project. He recommended that the couple build their 
home to the German Passivhaus Standard.  
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This project is one of the first Passivhaus buildings to be completed and accredited in the 
UK.  It is also a Passivhaus built in a typical UK vernacular style using indigenous British 
cavity wall construction techniques. These are techniques generally familiar to the UK 
construction workforce.  
This project is different from the majority of Passivhaus buildings that have been 
constructed in mainland Europe which usually either employ timber frame construction or 
concrete structure with cladding and external insulation with render(Williamson, 2009b).  
The cavity wall construction method was chosen for this house to prove that it is possible to 
build to the Passivhaus Standard using this construction technique but also to comply with 
local planning regulations that asked for the house to be clad in a stone finish in keeping 
with the aesthetics of surrounding local buildings. 
The project was built with the support of the local authority from the county of Yorkshire 
who were keen to help promote those innovating in the field of low energy construction, in 
order to help deliver county-wide, government instigated CO2 reductions.  
The process of design and delivery of this project enabled the development of specific 
construction details applicable to cavity wall construction that minimise thermal bridging 
and maintain the low levels of air-permeability required to meet the Passivhaus Standard. 
The client and the Green Building store considered it important to openly communicate the 
processes surrounding the design, construction and performance of this house. Throughout 
the process Bill Butcher kept a blog outlining the key issues experienced. This was published 
through the UK building magazine – Building but also on the Green Building Store website 
(Green Building Store, 2010). Details of the design and construction processes are also 
documented on the Green Building Store website which also hosts films about the 
development. 
In conjunction to meeting the Passivhaus standard, this house was also tested against 
compliance with the CSH. Bill Butcher who was one of the project managers for this 
development believes that designing the house to the Passivhaus standard and then testing 
it for CSH compliance has helped to expose some potential flaws in the CSH and the energy 
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calculation methodology SAP, which is used for CSH and UK Building Regulations Part L 
compliance.  
Testing the house for CSH compliance showed that the house would only achieve CSH Level 
3, (which was the basic standard currently mandated for new social housing schemes in the 
UK at the time of this development). In the on-line blog, Bill Butcher raised questions about 
the suitability of the CSH standard as a mechanism for providing low and ‘zero carbon’ 
housing in the UK, based on assumptions about its lack of rigour in comparison to the 
Passivhaus Standard. Referring to a report produced by the CSH assessor for the project, Bill 
Butcher wrote –  
‘The report points out that many buildings receiving higher CSH ratings actually 
perform worse than the Denby Dale Passivhaus in terms of space heating and 
airtightness but gain points in other areas, and sometimes through the use of 
inefficient and expensive bolt-on renewable technologies. The report notes that the 
Kingspan Lighthouse which gained CSH Level 6, is reported to have a higher heating 
demand and is less airtight than the Denby Dale Passivhaus Design’ (Butcher, 2009b) 
Since completion this house has won many UK architectural design awards inclusive of the 
Royal Institute for British Architects (RIBA), White Rose Award for Sustainability in 2010, the 
bronze housing award and the client of the year award. (Green Building Store, 2010) 
Technical Performance 
The Denby Dale Passivhaus was designed to have a compact shape that is common to many 
European Passivhaus designs. This works to optimise the building’s space to surface area 
ratio and regulates heat loss parameters. The final rectangular design was not however the 
first design promoted. The original design employed an ‘L – shaped’ plan. This was however 
abandoned when the shape proved to be prohibitive to achieving PHPP or Passivhaus 
energy performance compliance.  
‘Getting the right design has taken a couple of false starts, with the initial L-shaped 
design with a conservatory rejected for failing to perform to Passivhaus standards, 
after modelling with the Passivhaus Planning Package (PHPP) software’ (Butcher, 
2009c) 
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Once the final rectangular form of the building had been decided upon the house was 
modelled using PHPP. The modelling achieved significantly different results for heating 
parameters depending upon the type of wall insulation modelled. These ranged between 
14-19 kWh/m2 a. A final design was decided upon with PHPP heating requirement of 15 
kWh/ m2 a.(Butcher, 2009c)  
Building Fabric 
This development was built using the cavity wall construction technique. Alternative ‘green’ 
materials and design details were however substituted for some of the more conventional 
materials and usual cavity wall design details that are frequently associated with more 
standard building projects of this type. According to the project managers, the materials 
used were however kept as quite conventional to help keep construction costs down to a 
minimum. 
 A cavity wall design detail that conforms to the requirements of the Passivhaus Standard 
was specifically developed for this project together with a lightweight aerated block detail 
that was used below ground level, due to its capacity to retain heat. Basalt resin cavity wall 
ties were also used instead of conventional steel ties thus minimising thermal bridges.  
Particular attention was paid to the design of any junctions between different materials and 
around windows, doors and services penetrations which would have the potential to 
compromise either the required low levels of air-permeability or present opportunities for 
thermal bridging. 
It was considered that achieving the Passivhaus Standard air-permeability parameters was 
more complex for this type of construction than some other building construction methods 
and had to be arrived at through the use of a wet plaster barrier applied to the interior 
walls, in conjunction with the use of air-tightness tapes and membranes. According to Bill 
Butcher 
‘The potential downside of cavity wall construction is that it relies on wet plaster to 
be the airtightness barrier on walls and junctions with doors, windows, floors and 
roof whereas timber frame construction can be lined with vapour barriers and 
airtightness tapes etc., so our cavity wall Passivhaus will demand greater attention to 
detail’ (Butcher, 2009d)  
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Standard range, market brand, mineral wool insulation was used throughout the scheme. 
This insulation was applied around the entire fabric so as to achieve a ‘tea-cosy’ effect with 
300mm insulation applied to external walls, 500mm in the loft and 225mm in the ground. 
Figure 27 - Denby Dale Fabric Performance 
Fabric Performance 
Element U-value/performance 
Roof U-value  0.096 W/m2K 
 
Walls U-value 0.113W/m2K 
Ground U-value 0.104 W/m2K 
 
Doors and Windows U-value - average: 0.8 W/m2K 
 
Air-permeability 0.33 -1 @ 50 Pa  
Heating - PHPP 15kWh/ m2 a 
Primary Energy - PHPP 87 kWh/ m2 a 
Building Services - Heating, Cooling, Ventilation, Lighting and Appliances 
A Passivhaus certified MVHR unit was used for the main heating and ventilation strategy 
with additional heating and domestic hot water provided by a 4.8kW gas condensing boiler.  
The boiler was over-sized for the project but was used due to unavailability of smaller gas 
condensing boilers at the time of construction. Additional demand for the boiler was 
created through the installation of a radiator, a heated towel rail and a duct heater for the 
MVHR system. (Green Building Store, 2010) 
The heating system was designed in a similar way to that of the Larch house due to lack of 
robust weather data for the UK installed as part of PHPP at the time. This is described by the 
UK Passivhaus certifier Peter Warm on the Passivhaus Institut website. (PHI, 2012a) 
Post completion, solar thermal panels were added to the roof to supplement heat 
requirements for the domestic hot water supply. 
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While PV panels were not included as part of the original design for this dwelling, the client 
later added PV panels, the cost of which was financially supported through government 
grant funding. 
A double-height solar space is included on the south elevation of this house, this helps to 
optimise passive solar gain and maximise the use of daylight. This feature uses solar shading 
provided by deep roof overhangs and external venetian blinds together with extra shading 
provided by planting. 
Low energy LED lighting has been used in most internal areas and a conventional gas cooker 
with re-circulating hood has been installed. 
Cost 
The aim for this project was to build a low energy dwelling as cost effectively as possible 
reflecting the budgetary constraints of a domestic owner/occupier. The cost of the Denby 
Dale Passivhaus was £141,000 this is equivalent to £1194/m2 which represents an increase 
in cost of approximately 10-15% in comparison to a similar ‘conventional’ house (Butcher, 
2009a) 
According to the Green Building Store, this initial cost reflects the prototype nature of this 
project and it is believed that these costs can be reduced for future projects. This would be 
achieved through having completed the initial learning-curve process and also potentially 
through economies of scale for larger projects.  
Research undertaken by the Passivhaus Institut in Darmstadt has shown that capital costs 
for Passivhaus buildings may initially be higher than conventional buildings, dependent upon 
construction type. These Capital cost rises are often related to the learning curves 
associated with designing and building to the Passivhaus standard. Recent calculations made 
by the Passivhaus Institut in Darmstadt, based on German house construction show that 
typically the cost increase is estimated to be approximately 7-8 %.(PHI,2012b) 
  
‘The improved thermal insulation necessitates more insulation materials and its 
application, better windows require an extra coated glass pane and an insulated 
frame, the heat recovery system will need ductwork… 
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To be on the safe side, we will assume that an additional total investment of € 15000 
was necessary in 2010, and in 2011 this is already reduced to less than € 12500. This 
was about 8% of the total average construction costs for such a house in Germany - 
and it’s less than 7% already in 2011 with still existing potentials to lower the extra 
investment even more’ (PHI, 2012b) 
It has however taken approximately twenty years, since the early 1990’s and the 
development of the first test Passivhaus buildings and the CEPEUS programme for costs to 
reduce to this level. Despite this there are now examples of Passivhaus buildings that are 
cost neutral in comparison to ‘conventional’ non-Passivhaus new build buildings, for 
example the Canolfan Hyddgen, but until the standard is more widely adopted in the UK 
and/or becomes the convention then costs have the potential to remain generally higher. 
Scheme Implementation  
This project was built by a small team of UK contractors from the Green Building Company. 
These contractors had prior knowledge of and experience with the construction of low 
energy buildings but they had not previously built to the Passivhaus standard.  
All the designers and contractors were UK based and the materials were supplied by the 
Green Building Store. The original source of many of the materials and components was not 
however the UK, with air-tightness tape, doors, windows, membranes and MVHR units 
being manufactured elsewhere in the EU and supplied to the UK. 
It was necessary to develop specific design details for the cavity wall construction to enable 
Passivhaus compliance. 
Buyer/Occupant Feedback 
The occupants of this house have expressed satisfaction with the development to date. They 
have also started to keep an on-line blog detailing their experiences of living in the house. 
The following quotation taken from the blog describes their early thoughts in relation to this 
- 
‘Six months in and we’re finding that life in a Passivhaus is suiting us very well. The 
air quality and temperature is good – there’s a pleasant warmth in the air – it’s not 
hot, it’s just comfortable. There’s also a serenity about a Passivhaus, thanks to all the 
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insulation and triple glazing. We’re actually finding that we are oversleeping some 
mornings because of the absence of outside noise’ (Tunstall and Tunstall, 2010) 
Many key issues are highlighted by the occupants in their blog, these relate to their need to 
amend their lifestyle. One important suggestion is that those who live in a Passivhaus need 
a standardised form of occupancy manual. This type of manual has been produced by some 
developments in Germany and Austria but has not been available for all Passivhaus 
developments. 
‘Although a Passivhaus is simple to live in, in many ways, it would be really good if a 
Passivhaus came with a manual, as things do change subtly with the seasons. It 
would also be really valuable to have a forum for people who live in Passivhauses to 
share ideas and experiences – there are still so few of us in the UK that this would be 
a valuable resource.’(Tunstall and Tunstall, 2010) 
Conclusions 
This project is important for many reasons. It is one of the first certified Passivhaus 
developments in the UK but it also shows that a Passivhaus can be constructed using the 
cavity wall construction technique. This construction method has not typically been used in 
continental European Passivhaus developments, but is frequently used in the UK.  The use 
of this construction technique therefore required the development of specific new details. 
The project also demonstrates the feasibility for UK designers and contractors to build to 
the Passivhaus standard and at ‘affordable costs’, despite the increase in comparison to a 
more ‘conventional’ design. Some of the costs were associated with the import of many 
vital components that were needed to build to this standard, with these having to be 
sourced from EU suppliers due to lack of availability in the UK. In relation to this it is 
particularly relevant to note that it was not possible to procure a small sized gas condensing 
boiler of suitable size for the project, with the boiler that was installed being over-sized. This 
was due to the fact that no gas boiler products currently exist on the UK market that are 
small enough to meet the required specification parameters of this type of individual 
Passivhaus. 
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The findings of this case study also suggest potential flaws that may exist in the UK CSH 
standard which have been commented upon by Bill Butcher the project manager in the blog. 
Bill Butcher, Director of Green Building Store commented about this as follows:  
"Jim Parker's research has confirmed what we have all suspected about CSH for some 
time. While we applaud the general approach of CSH in getting the construction 
industry to think about sustainability issues, we believe that it urgently needs to be 
revised to accommodate Passivhaus approaches more accurately. We would like CSH 
to get rid of SAP and incorporate the much more accurate Passivhaus Planning 
Package (PHPP) as its energy calculation methodology". (Butcher, 2009a) 
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German Case Studies from Frankfurt and Berlin 
 
 
Two specific German Passivhaus projects have been chosen as case studies for this research, 
these are the St. Jakob, family-friendly Passivhaus flats in Grempstrasse, Frankfurt am Main 
and The KlimaSolarHaus, in Bänschstrasse, Berlin. 
These projects have been chosen as examples of mass rather than individual housing and 
both are located in central urban areas. What marks these projects out as different from 
some other Passivhaus projects in Germany and Europe is the use of community building 
techniques that were employed in each case to help develop a cohesive ‘living group’ who 
bought into the projects both socially and financially. 
The projects were also chosen because they were located in two different regions within 
Germany. This is significant due to different climate conditions but also potentially 
construction industry culture and skills differences.   
Despite both being multi-dwelling blocks of flats, the developments were designed in 
specifically different ways to meet the Passivhaus standard.  The Frankfurt flats were 
designed as individual autonomous units with their own integral MVHR units, while the 
Berlin flats utilise a centralised MVHR and additional building services systems inclusive of a 
wood pellet boiler, solar thermal panels and grey water recycling. The development in 
Frankfurt is also an early example of a predominantly ‘north facing’ Passivhaus 
development. 
These case studies are largely POE occupant feedback focused, with a weighting on 
interviews that were conducted with the residents at the beginning of December 2010. The 
willingness of residents of these developments to participate has been key to the success of 
these case studies. All respondents interviewed were happy to be involved in the interviews 
and gave their consent to being filmed and to their responses to questions being used in this 
thesis.  
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St. Jakob, Family –friendly Passivhaus Flats, Grempstrasse, Frankfurt am Main 
 
 
 
 
 
 
 
 
 
Figure 28 - St. Jakob, Grempstrasse, Frankfurt  
(BBC, 2011) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29 - Average annual weather data for Frankfurt-am-Main  
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Design Team 
Introduction 
The St. Jakob’s project is a development of 19 Passivhaus flats in two separate blocks 
located in Grempstraβe in the Bockenheim district of Frankfurt am Main. This project was 
completed at the end of 2002 and has been occupied since the start of 2003. It was the first 
Passivhaus block of flats to be built in Germany and a notable early example of a ‘north-
facing’ Passivhaus development. The overall size of the development is 2, 289.8 m2 with a 
total living area of 1842 m2.  The average size of the flats is 97 m2 but they range in size from 
62m2 to 116.9 m2. (Peper et al., 2004) 
Since the completion of this project, Frankfurter Aufbau AG, the housing association who 
built this development, now only builds housing developments to the Passivhaus standard. 
This is also in accordance with the current local Frankfurt am Main planning requirements, 
which ask that all new public housing is to be built using Passivhaus technologies (Laible, 
2010a) as explained in the Innovation chapter of this thesis. 
The flats were specifically designed to meet the Passivhaus standard and therefore to be 
low energy. They were also designed to be suitable and affordable for families. It was 
intended that the flats would help to fill a gap in the availability of this type of 
accommodation in central Frankfurt and to prevent families leaving central Frankfurt in 
favour of cheaper accommodation outside the city centre. Initially, the flats were occupied 
by 59 residents with 23 of these being children under the age of 18 years.(Peper et al., 2004) 
Frankfurter Aufbau AG developed St.Jakob on land owned and leased by the local church 
which enabled them to reduce sales costs for the flats since there were no overhead 
purchase costs for the site.   
St.Jakob is situated close to the centre of Frankfurt and 100m from the nearest underground 
station; Kirchplatz. Shops, a hospital, schools and kindergartens are also located close to this 
development. The flats back onto an area of green space and gardens which act to provide 
Client Frankfurter Aufbau AG 
Architect Faktor 10 GmbH 
Project Management Frau Dipl.-Ing. Arch./Dipl. – Des. Petra Grenz 
Contractor Rasch & Partner Baunen und Wohnen GmbH 
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both a ‘breathing space’ for this area of Frankfurt and recreational facility for residents of 
the flats. 
The St. Jakob project is a five storey development which comprises a mixture of two storey 
maisonettes on the top and bottom floors with more conventional one storey flats between 
the floors. All the flats have balconies, but unusually for most German flats and houses, this 
development has no cellar for individual storage. The cellar space is instead used to house 
the gas heating facilities for the domestic hot water and top-up space heating. Additional 
storage, garage facilities and bicycle sheds are provided separately on the site. Specific 
washing drying facilities are included as part of each flat with a ‘Swedish’ drying cupboard 
located in the bathrooms. This is linked to the whole house ventilation system and helps to 
reduce overall energy use from the flats. 
‘Eine Besonderheit sind in jeder Wohnung bereits ein gebaute Trockenschränke für 
das Wäschetrocknen, die in den Abluftstrang der Wohnungslüftung integriert sind 
und eine hocheffiziente Wäschetrochnung mit extreme geringen Stromverbrauch’ 
(Peper et al., 2004) 
My translation of this is –  
‘ A special feature is that in every flat is an inbuilt drying cupboard for drying 
washing, this is integrated into the exhaust air supply for the flats and is a highly 
efficient method for drying washing using very little electricity’ 
A special children’s play area and gardens are included as part of this development and the 
flats have a green roof. The roof is used to provide thermal attenuation for the building and 
increase biodiversity in the area and is not used as recreational space. It is managed by the 
residents. 
Technical Performance 
St.Jakob is a steel frame and concrete construction building with high levels of insulation 
and low air-permeability, in accordance with the design parameters of the Passivhaus 
standard. Each flat was individually air-pressure tested to check for Passivhaus air-
permeability compliance. 
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Each flat is designed with its own individual MVHR unit accommodated in an easily 
accessible location in a specific ‘technik’ or technical room adjacent to the entrance of each 
flat. The location of the MVHR units is unobstructed and at low level. It allows for ease of 
access for maintenance and for residents to change the filters. The technical rooms are also 
used by residents for additional storage space/cloakroom.  
Top-up space heating and domestic hot water is provided via a central gas fired boiler linked 
to a district heating domestic hot water supply. This is supported with the use of individual 
heat exchangers in each flat. Use is made of exposed thermal mass within the flats and 
maisonettes to help moderate internal temperatures throughout the year. 
Energy Design and Performance 
The fabric and energy use parameters for the St.Jakob development were designed in 
accordance with the Passivhaus standard and met these design requirements.  At the time 
of design, Frankfurter Aufbau AG estimated that this entire project would achieve CO2 
savings of approximately 42,000 kg per annum in comparison to ‘conventional’ similar 
flats(FAAG, 2001). 
The actual energy in use for the two blocks A and B was monitored by the Darmstadt 
Passivhaus Institut between 01 June 2003 and 31 May 2004. The results from this 
monitoring showed that the development performed well in comparison to designed energy 
use criteria 
Figure 30 - Grempstrasse Fabric Performance  
Fabric Performance  
 
Element U-value/performance  
Roof U-value  0.098W/m2K 
Walls U-value 0.12W/m2K 
Ground U-value  0.112W/m2K 
Doors and Windows U-value - windows:  0.87W/m2K 
Doors: 1.0W/m2K 
Air-permeability Flats individually tested with 100% compliance to meet the 
Passivhaus standard throughout – average 0.30 -1 @ 50 Pa  
but ranging between 0.20 -1 @ 50 Pa – 0.45 – 1 @ 50 Pa. 
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Designed Energy Performance using PHPP (Passivhaus Planning Package) 
Figures taken from – ‘Ein nordorientiertes Passivhaus – Messtechnische Untersuchung 
und Auswertung von 19 Wohnungen im Passivhaus-Standard in Frankfurt –
Bochenheim’ by Dr Wolfgang Feist, Sören Peper and Dr. Ing. Rainer Pluger(Peper et 
al., 2004) 
 
Block A - heating 12.8 kWh/ m2 a 
Block B - heating 15.2 kWh/ m2 a 
Block A + B – heating, 
domestic hot water 
and MVHR 
55 kWh/ m2 a 
Block A – heating – 
post air pressure test 
10.4 kWh/ m2 a 
Block B – heating – 
post air pressure test 
14.8 kWh/ m2 a 
Block A – primary 
energy 
120 kWh/ m2 a – allowing for the use of low energy 
electrical appliances 
Block B – primary 
energy 
120 kWh/ m2 a – allowing for the use of low energy 
electrical appliances 
 
 
Monitored Energy Performance 
 
Block A - heating 10.5 kWh/ m2 a 
Block B - heating 14.5 kWh/ m2 a 
Block A + B – heating, 
domestic hot water 
and MVHR 
49.6 kWh/ m2 a 
Block A – primary 
energy 
119,9 kWh/ m2 a 
Block B – primary 
energy 
119,9 kWh/ m2 a 
The information in the table above is taken from reports produced by the Darmstadt 
Passivhaus Institut and the Passivhaus Institut website(PHI, 2012a). These figures appear to 
show good in-use monitored energy performance. The monitored primary energy use 
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records for both Block A and B are very close to design performance targets and could 
require further monitoring for verification in future. In conjunction with the measured 
energy use performance figures correlating well with designed parameters, the 
development also appeared to perform well in relation to other factors. These included 
maintaining comfortable indoor temperatures in both Winter and Summer with average 
room temperatures recorded during the heating season of 21.3  C and those in an 
exceptionally hot summer, when external temperatures in excess of 29  C were reached, of 
between 3 K and 11 K below this. (Peper et al., 2004) 
Cost/Value 
The build cost for this entire development was €2,235,000 (inclusive of VAT) (Peper et al., 
2004). All the residents interviewed thought that the flats were affordable to purchase 
comparative to other similar accommodation in Frankfurt. 
Scheme Implementation 
The project design team and contractors were all chosen because of their prior experience 
with delivering Passivhaus projects in Germany.  This meant that the project was delivered 
without many of the initial ‘learning curve’ difficulties that are often associated with 
designing and building a Passivhaus development.  
Residents of St.Jakob were invited to become part of this project through an advertisement 
that was posted in a local Frankfurt newspaper. Once sufficient interest in the project had 
been raised, a series of meetings, chaired by the architects were held in the local church 
which is situated in Grempstrasse close to the flats. These meetings were designed to 
provide information for residents about the Passivhaus standard and the proposed 
development, so that they could gain an understanding of the project before buying into it. 
This included for communicatin about any differences that might be experienced in 
comparison to living in more ‘conventional’ flats. These meetings were also designed so as 
to help develop community cohesion between the residents of the flats prior to their 
design, construction and occupation. 
Buyer/Occupant Feedback 
The St.Jakob flats are owner occupied. For this occupancy feedback study, residents of two 
flats were interviewed using a brief series of interview questions. The interview questions 
and their German translations are shown below. The interviews lasted approximately 30 
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minutes each and the aim of these interviews was to try and gain a first-hand understanding 
of what it is actually like to live in this development and to gauge occupant satisfaction. The 
interview questions were chosen from some previously used as part of research conducted 
for the InCluESEV (Interdisciplinary Cluster on Energy Systems, Equity and Vulnerability) 
research programme. They were chosen because of their simplicity and the fact that they 
would be easy to understand for a ‘non-technical’ lay person. They were also chosen to 
allow occupants to discuss a wide range of parameters relating to satisfaction with their 
homes within a short number of questions and time parameters, thus helping to keep 
interview concise. 
 
Figure 31 - POE Interview Questions 
 Interview Questions Interviewfragen 
1 How long have you lived 
here? 
Wie lange wohnen Sie hier schon? 
2 What is it like to live here? Wie ist es hier zu leben? 
3 How did you come to live 
here? 
Warum wohnen Sie hier? 
4 Is there in your eyes 
anything different or 
special about living in this 
building? 
Was ist besonders oder anders hier zu wohnen? 
Zum Beispiel im Vergleich zu einem normalen Haus 
oder einer normalen Wohnung 
5 How much do you feel you 
know about this 
development/ where did 
the information come 
from/ how was it passed on 
to you? 
Nach Ihrem Empfinden wie viele Informationen 
habe Sie über dieses Haus? Woher haben Sie diese 
Informationen? Und wie haben Sie diese erhalten? 
6 What do you think of it? Was halten Sie von diesen? 
7 Has it made you do things 
differently? 
Haben diese Informationen Ihren Lebensstil 
verändert? 
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8 Have you made any 
changes to your home? 
Haben Sie Ihre Wohnung renoviert oder 
verändert? 
9 If you had the choice (and 
money), what would you 
change in your home? 
Was würden Sie in Ihren Wohnung verändern, 
wenn Sie die Wahl und das Geld hätten? 
10 If they will build another 
version of this 
development, what should 
they change? 
Wenn noch eine ähnliches Haus gebaut wird, was 
sollte anders gemacht werden? 
11 Any other comments? Noch etwas? 
 
The interviews were undertaken with three residents of St.Jakob, the first was Jana Müller-
Gerbes a journalist and mother of two children, a girl aged 15 and a boy 9. The second 
interview was conducted with a retired couple Melanie Hartlaub and Thomas Feber, who 
were interviewed together in their flat. 
All the interviews were conducted in German, the key answers to the interview questions 
have been translated and entered into the questionnaire forms below as bullet point 
responses to document the responses. 
Occupant 1 St.Jakob - Jana Müller-Gerbes 
 Interview Questions Answers 
1 How long have you lived 
here? 
- For almost 8 years the family moved in in 
January 2003 
- It was a really cold Winter when we moved in 
with temperatures as low as minus 17 
degrees C. 
2 What is it like to live here? - Great for many reasons 
- The house is great and so is the area 
- We experience constant room temperature 
here 
- I really like that we are always warm and 
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comfortable 
- It is draught free 
- Where we lived before in an old flat it was 
always too cold 
- The children can play directly on the floor 
without draught problems 
- I have now become very sensitive to draughts 
and notice when I visit friends in normal flats 
– e.g. if there is a window behind where I am 
sitting (not an open window!) or a part open 
door I really notice it 
- Here you can sit with your back against the 
window in the cold weather 
- In summer, although we live under the roof, if 
we make sure that the windows are shut 
during the day when we are out and the 
blinds are down then it keeps really cool in 
here 
- Both the heat and the cold stay outside 
- As long as you learn to deal with the sun and 
light which can bring heat in during the 
summer you can control the living space 
temperature well 
- In Winter as soon as the children have gone 
to school, I make sure that the blinds are up 
so that light comes in to help warm the place 
up 
3 How did you come to live 
here? 
- It was actually by chance 
- We were looking for a bigger flat 
- We were a family of three and had just had 
another son 
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- We were looking for a four bedroom flat in 
this area of town because we did not want to 
leave the area 
- Then we heard about this project from a 
newspaper article 
- We had never heard of Passivhaus before 
- We did some research into Passivhaus and 
were very  impressed with the idea 
- We liked the fact that you could save energy 
and therefore money, also that it was 
environmentally friendly 
- The flat was also the perfect size 
- The flats were specifically designed for 
families 
- We liked the fact that there are 19 different 
family units here with 26 children between 
them, which is unusual for Frankfurt and 
Germany as a whole 
4 Is there in your eyes 
anything different or 
special about living in this 
building? 
- The heat given off from the appliances such 
as the dishwasher is very apparent this is not 
the case in normal flats 
- The windows and walls don’t only work as 
thermal insulation but as sound insulation 
- Many people thought we were mad living 
right next door to a church because the bells 
would wake us up in the morning, but we 
don’t hear them 
- Paula our daughter plays the piano and the 
neighbours never hear anything 
5 How much do you feel you 
know about this 
- Meetings were held in the church in this 
street for all potential residents at which the 
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development/ where did 
the information come 
from/ how was it passed 
on to you? 
architects explained what a Passivhaus was 
and what it would mean to live in one, so we 
had an idea before we bought the flat and 
moved in 
- Regular meetings were held with all the final 
residents during the design and construction 
process to build up a sense of community 
- Written information about the development 
and the Passivhaus standard was provided by 
the architects 
6 What do you think of it? - This was well managed and useful 
7 Has it made you do things 
differently? 
- We need to be a bit careful we can’t just 
leave the balcony door open all the time in 
the middle of winter or the flat would cool 
down and it would take a long time for it to 
warm up again 
- We need to be a bit more careful generally 
- We need to make sure that the front door is 
properly shut  
- We notice that the corridor from the front 
door is a bit cooler than the rest of the flat 
- We need to close the bedroom doors for the 
rooms below (the bedrooms are on the floor 
below) if the weather is really cold so as to 
stop the heat rising upstairs – it is not a big 
problem but it can be about 2 degrees colder 
downstairs than up because of the heat rising 
- In an old flat you could open the window for 
a long period then shut it and quickly put the 
heating on high – it is not possible to do that 
here or it would get too cool  
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- Actually it is not a big issue as it is really 
warm enough in here 
- In summer we must make sure to pull the 
blinds down and 
- If it is really hot outside we must make sure 
that all the doors and windows are shut 
- If the blinds are down and the windows are 
shut then even in a hot summer like the last  
the flat will remain cool – not like an air-
conditioned flat but comfortable  
- One has to learn new thing but one feels that 
one has more control over ones own 
environment 
8 Have you made any 
changes to your home? 
- No not yet structurally 
- We have painted the walls because of the 
children touching them with dirty hands 
9 If you had the choice (and 
money), what would you 
change in your home? 
- Nothing 
- I would buy another one 
- This has nothing to do with it being a 
Passivhaus but we could do with some more 
storage space we don’t have a cellar 
- Buy the next-door flat and knock through 
10 If they will build another 
version of this 
development, what should 
they change? 
- I would make it bigger  
- It would be better bigger for when the 
children get older 
11 Any other comments? - I think we have become more conscious of 
the environment overall since living here 
- We can’t have an open chimney that is not 
possible in a Passivhaus 
- We are very happy to live here 
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- An anecdote – we are aware that one of our 
neighbours has bought a small electric fire 
which they use in the living area 
 
Occupants 2 and 3 St.Jakob – Melanie Hartlaub and Thomas Feber 
 Interview Questions Answers 
1 How long have you lived 
here? 
- Since January 2003 
2 What is it like to live here? - Great because of the house and the location 
- We think that a Passivhaus is suitable for all 
diffent types of people inclusive of for those 
living in social housing but more care would 
need to be taken to make sure that 
everything was working because people do 
things out habit and those habits would have 
to change 
- You need to change your life-style to live here 
but not too much 
- You need more instructions about how to live 
in a Passivhaus and the instruction 
information needs to be interesting 
3 How did you come to live 
here? 
- We heard about the project by chance when 
we read about a low energy house that was 
going to be built in this area in a newspaper 
article in 2001 
- When we first went along to a meeting we 
didn’t take it very seriously  
- But then we became quite impressed with the 
idea 
- There were more people who wanted the 
flats than flats that were available so we had 
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to put in an application for the flat  
- We were lucky to get the flat that we wanted 
- We started to go along to the future 
residents meetings and became more and 
more interested in the project 
- We used to live in a beautiful old flat just 
around the corner and it was not easy to 
leave this but then we became impressed 
with this new development 
- We went to the first meeting in the church on 
this street where the architects presented the 
project, there were about 400 people there 
- We had never heard of Passivhaus before this 
- There were many reasons why we wanted to 
live here 
4 Is there in your eyes 
anything different or 
special about living in this 
building? 
- Most importantly we don’t have any heating 
- When we moved in it was just like today, cold 
and with lots of snow and we visited another 
Passivhaus to check out whether it would be 
ok without heating 
- We always have fresh air, sometimes it is a 
bit dry 
- In Winter we always have the window shut 
and in summer we open the windows 
- We can’t put nails or screws into the wall 
that are longer than 4cm long 
- Cables cannot be chased into and ceilings 
with exposed concrete soffits such as in our 
bedroom and study and non-top floor flats 
- We need to maintain the windows once a 
year by greasing the rubber parts/seals with 
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vaseline to ensure that they remain soft and 
do not crack therefore letting heat/cold into 
the building 
- We need to generally be more careful with 
maintenance 
- This maintenance for the MVHR also costs 
money 
- We need to change the filters once a year – 
some do this twice a year 
- We need to be a bit more careful how we live 
- In our 93 m2 flat – we pay €115 pro annum 
for heating and hot water 
- Electricity is a similar cost as before 
- However we were given info on how to save 
electrical energy at the meeting 
- It makes you more conscious of energy and 
energy use to live here 
5 How much do you feel you 
know about this 
development/ where did 
the information come 
from/ how was it passed 
on to you? 
- From a year before the development was 
complete there were lots of meetings with 
the residents at which issues were discussed 
about living in a Passivhaus 
- We became more and more interested in the 
idea of a Passivhaus and it was exciting to 
meet with lots of new people 
- I was very impressed with the explanation of 
the Swedish cupboard in the bathroom that 
was a key selling point, because it made me 
think how much they had thought this project 
through 
6 What do you think of it? - We thought it was good 
7 Has it made you do things - Yes a bit but many changes have come from 
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differently? the flat and the location 
- We have a balcony for instance that operates 
as another room in summer and we live in an 
area with lots of green outdoor space 
- The changes have been in maintenance and 
being more careful about how we live 
8 Have you made any 
changes to your home? 
- No 
- We had the opportunity to work with the 
planning of the flats before hand and haven’t 
moved anything  
- During the design phase, we had the 
opportunity to make small changes to the 
layout but we didn’t because this would have 
meant extra costs 
- What we did chose that is different from 
most of the other flats was to use natural 
paints and plaster 
- Our plaster absorbs more moisture – this is 
an advantage in a Passivhaus because they 
are dryer than other flats 
- But you can use house plants to help with the 
dry air 
- And you can dry washing openly outside of 
the Swedish cupboard 
- We think that because of our natural plaster 
we have a better air-quality in terms of 
moisture than the other flats – we think 
9 If you had the choice (and 
money), what would you 
change in your home? 
- The fit-out was relatively cheap – we would 
go for a more expensive fit-out 
- We don’t like the cable containment or the 
sockets etc 
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- The parquette floor is very sensitive, we 
would change that 
- Some other people have put tiles in their flats  
- Although noise from outside isn’t a problem, 
noise within the flat can be – it is possible to 
hear everything from downstairs 
- this may be a problem since this is a 
maisonette with an open stair-well 
10 If they will build another 
version of this 
development, what should 
they change? 
- That they should use natural plaster 
- We don’t understand why the MVHR room 
does not have a connection to the overall 
ventilation system itself i.e. inlet/outlet 
- They have now built more modern versions 
with slimmer and lighter windows 
- They need to do something with the internal 
noise 
- Apart from that not much 
11 Any other comments? - Not really 
 
Summary 
When examining the resident’s responses to the questionnaires, it is apparent that while 
they indicate that they are happy to live in this Passivhaus development and are satisfied 
with it and its facilities, life-style changes and new behaviours had to be adopted to enable 
them to successfully live in it. These behaviour changes relate to learning to live without 
‘conventional’ space heating and adapting to whole house mechanisms such as the MVHR 
together with learning to open and close windows appropriately to control thermal comfort, 
particularly in summer. Once these differences in comparison to living in a ‘normal’ dwelling 
were understood then this behaviour became ‘normal’ in itself. 
The satisfaction expressed by the occupants of this development in relation to, low heating 
bills, the overall quality of the building and the sense of community that has been 
developed throughout the design, procurement and implementation of this project, has 
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been good. However experiences in relation to comfort and indoor air quality has exposed 
some concerns expressed by the second and third respondents who commented upon dry 
indoor air-quality and some issues relating to internal acoustics and louder sounds in this 
acoustically sealed environment 
Of these factors the comfort levels and low heating bills are specifically associated with a 
Passivhaus development as are those relating to dry indoor air-quality and acoustics. Other 
factors relating to build quality and sense of community could however also have been 
achieved with a more ‘conventional’ non-low energy building. 
The behaviour changes that were needed to allow the residents to successfully live in this 
Passivhaus development were not highlighted as major issues that had a negative impact on 
their life-styles. Instead these changes related to a slightly more active or adaptive approach 
to ensure thermal comfort in all seasons. These behaviour changes raised occupant 
awareness of comfort issues and energy consumption in comparison to experiences when 
they had previously lived in ‘conventional’ dwellings. The residents became more conscious 
of heat loss or gain through open windows especially when they realised that if they opened 
windows for long periods of time during the heating season that this would compromise 
comfort and that there would be a delay before the apartment could reach a comfortable 
internal temperature, as in comparison to living with a correctly installed individual gas 
boiler central heating system. 
In the summer, care was taken by the residents to make sure that the external heat 
penetration through windows was moderated through the use of shading and controlled 
window opening to allow for natural ventilation, thus creating an optimum cool thermal 
environment. 
One resident stated that they needed to consider the maintenance of the windows by 
maintaining air-tight seals through ‘greasing’ them to prevent cracking and air-leakage. 
Residents also had to make sure that the MVHR system was functioning correctly by 
changing filters when necessary. The retired couple who are on a fixed income did mention 
that there were some extra costs associated with changing the filters.  
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Other factors that were highlighted as being different about living in a Passivhaus were air-
quality which, as previously mentioned was perceived as being better but drier than living in 
a ‘conventional’ home. In this particular development the architects installed a special 
‘Swedish cupboard’ or drying cupboard in the bathrooms which is connected to the whole 
house ventilation system. This works not only to save energy from the clothes drying 
process since a drying machine is no longer needed, but moderates internal 
moisture/humidity levels. House plants were also used to help moderate internal humidity 
levels as were porous internal finishes in Thomas and Melanie’s flat. 
Acoustics and noise were mentioned both positively and negatively as part of the 
development. The residents were happy that the building fabric performance and windows 
meant that external noise levels were well attenuated or even blocked. This included 
control of noise between different flats in the development. Thomas and Melanie did 
however mention that it was more difficult to control noise levels within their maisonette 
flat which they attributed to the fact that it had been designed with an open stairwell 
between the two levels. Neither of these two parties had undertaken any major renovations 
to their apartments since they had moved in.  
One of the factors that marks this development out from many ‘conventional’ dwellings is 
the design and procurement process which directly involved the residents as decision 
makers in the design and management of their accommodation. This enabled the residents 
to understand any behaviour or life-style changes that might be associated with living in a 
Passivhaus before they bought and moved in to their apartments. It also enabled them to 
have direct input into the design of their apartments. The residents therefore not only 
bought into this development on a financial level, but also on a social level and to provide 
long-term homes for themselves and their families.  
179 
 
The KlimaSolarHaus, Bänschstrasse, Berlin 
 
Figure 32 - The KlimaSolarHaus Berlin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(BBC, 2011) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 33 Average annual climate data for Berlin  
 
 
 
Average annual climate data for Berlin  
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Design Team 
Client KlimaSolarHaus Berlin GbR 
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Mechanical and Electrical 
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Fa. Ökoplan 
Landscape Architect Susanne Widiarto 
Contractor Schaefer/Schulz GmbH 
Passivhaus Consultants ARGE Lehmolltec  and Jirka + Nadansky Architekten 
 
Support Team/Additional Consultants 
Planning Consultant Dr. Lausch GmbH and Co. KG 
Team Planning Support SPI – Sozialpädagogisches Institut Berlin 
Solicitor Axel Sawal 
Conflict Mediator Dr. Reinfried Musch 
Financial Support GLS Bank 
Financial Support 2 KfW (Kreditanstalt für Wiederaufbau) 
Introduction 
The Passivhaus development in Bänschstrasse, Friedrichshain, Berlin, is a five storey 2,130 
m2 building containing 19 flats of varying different sizes which are inhabited by 46 people 
inclusive of families, couples and individuals from a range of ages. This building was 
developed on an old World War 11 bomb site in an area that was formerly in East Berlin. It 
was completed in September 2008 and occupied from February 2009.  
The project was initiated by Christoph Hackbart and Thomas Fiedler in September 2004 
when they developed a plan to build a block of Passivhaus flats through the mechanism of a 
housing association or community group. In January 2006 Christoph and Thomas identified a 
suitable site for their proposed development and in March of that year they held their first 
meeting with potential residents and members of the new housing association. In August 
2006 the site in Bänschstrasse was purchased and the housing association was inaugurated 
in April 2007. The project commenced on site in January 2008.(KlimaSolarHaus, 2009) 
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Technical Performance  
Fabric Performance  
Element U-value/performance 
Roof U-value  0.11W/m2K 
 
Walls U-value 0.15W/m2K 
Ground U-value 0.17W/m2K 
 
Doors and Windows U-value - average:  0.8W/m2K 
 
Air-permeability 0.4ach - 1 @ 50 Pa  
Designed Energy Performance using PHPP 
 
Heating  8 kWh/ m2 a 
Primary Energy 42 kWh/ m2 a   
(PHI, 2012a) 
Figure 34 - KlimaSolarHaus, Technical Performance  
 
The designed energy use parameters for this development are extremely low even by 
Passivhaus standards. They may partly be attributed to the use of centralised systems and 
the use of a wood pellet boiler to provide domestic hot water and top-up space heating.  
Cost/Value 
The build cost for these flats was €2100 /m2  (PHI, 2012a) or approximately €4m(Browne, 
2012). One of the residents commented that it was cheaper to build these flats than 
purchase a newly renovated non-environmentally friendly flat in the same area of Berlin. 
Scheme Implementation 
Residents of Bänschstrasse were invited to become part of this project through an 
advertisement that was posted in a Berlin newspaper. Once sufficient interest in the project 
had been raised, a series of meetings, chaired by the project co-ordinators were organised. 
These meeting were designed to provide information for residents about the Passivhaus 
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standard and the proposed development, so that they could gain an understanding of the 
project that they were buying into inclusive of any differences that might be experienced in 
comparison to living in more ‘conventional’ flats. These meetings also formed the basis of 
the development of the housing association that is the current owner/occupiers of 
Bänschstrasse. 
The KlimaSolarHaus experienced some initial teething problems with the design team when 
the original Berlin architect was replaced with an architect from Hamburg who had more 
experience with building Passivhaus buildings. During construction there were some 
disputes with the main contractor who contested some of the costs for finishing the project. 
Buyer/Occupant Feedback 
Interviews with three different occupants of the KlimaSolarHaus were supplemented with 
an additional unstructured interview with Jörg Meyerhoff who is also a resident of the 
house but has acted as a representative of the tenants and the housing association. Jörg 
explained some additional background information about the house but was also 
responsible for providing a tour of the house and introductions to those interviewed. 
Occupant 1 KlimaSolarHaus – Robert 
 Interview Questions Answers 
1 How long have you lived 
here? 
- For one and a half years since the middle of 
2009 
2 What is it like to live here? - I don‘t think it is really any different from 
living in any other house in the day-to-day 
living 
3 How did you come to live 
here? 
- When I joined the scheme I knew relatively 
little about Passivhaus 
- I liked the idea of a low energy house but the 
knowledge that I have gained has come over 
the four years that it took to build it 
- From joining together with a group to 
planning things with an architect to finding a 
builder and then getting planning permission 
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and then actually building it 
- We compared prices to what we could find – 
we were looking for a flat to buy and the 
alternatives we found nice renovated flats of 
the same size, and they actually cost more 
than this house ended up costing 
- So it was partially economic reasons – as we 
could afford a flat of the same cost as one 
which wasn’t low energy, this was a very big 
attraction 
4 Is there in your eyes 
anything different or 
special about living in this 
building? 
- In Summer we tend to close the blinds 
particularly on the south side then the 
building is much cooler than you would 
expect in Summer 
5 How much do you feel you 
know about this 
development/ where did 
the information come 
from/ how was it passed 
on to you? 
- Most of the information that I received came 
from the two people who founded the 
building group prior to and during the 
construction of this house over 4 years 
- They had been working on the project for 
several years before they found the site and 
had the courage to go ahead with the project 
- But Passivhaus is an area where one can get 
a lot of information  
- It is not that complex 
- I found it very easy to get information on the 
internet 
6 What do you think of it? - great 
7 Has it made you do things 
differently? 
- I don’t think I have had to change my lifestyle 
at all by living in a Passivhaus 
- There is nothing we do that is different, it is 
very simple 
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- We switch the thermostats on on the 
radiators and leave them like that summer 
and winter and the heating comes on when it 
is needed which tends to be only when it 
goes sub-zero outside 
- So generally speaking it has had no effect at 
all 
8 Have you made any 
changes to your home? 
- The flat is only a year and a half old so there 
haven’t been any changes at all 
9 If you had the choice (and 
money), what would you 
change in your home? 
- We have had some problems with the 
technologies which haven’t always worked 
since day one 
- But overall between the house and the 
building group there is nothing I would want 
to change 
- We have had some difficulties with the solar 
thermal the first year was not very successful 
but it is getting better – we are still working 
with the designers and the contractors for 
this 
- We have a wood pellet heating system, that 
we have had to adjust to make it more 
efficient 
- It is best that it doesn’t go on and off to often 
so we have tried to increase the length of 
time that it is on 
- And the other thing is the grey water system 
which possibly people have had to learn 
about – and not to put things in the shower 
water and how often to clean the filters but 
that is to be expected 
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- With the MVHR there have been no big 
problems with that – occassionally when it is 
very cold outside e.g. minus 15 it can ice up 
and then you have half an hour without 
ventilation which tends to occur at night-time 
but otherwise then it comes on again but 
that is all automatic  
- We have to change the filters but that is a 
maintenance firm who looks after that 
- Generally speaking the venilation system has 
been very successful, some flats found that 
they were a little bit noisier than expected 
and ventilation wasn’t as even between each 
room but we seem to be solving those 
problems 
Generally speaking most people are very 
happy with it 
10 If they will build another 
version of this 
development, what should 
they change? 
- If I was going to do the whole thing again, I 
don’t think I would put in a wood-pellet 
heating system, I don’t think that is ideal in a 
city 
- Because it is used so little, I think we would 
have been better with a remote heating 
system or gone on to gas 
11 Any other comments? - I see no reason why anybody couldn’t live in 
a Passivhaus  
- You may have to change your habits a bit  - 
you would have to get used to not opening 
the windows so much in Winter , but 
otherwise there is no real difference 
- I am still very euphoric about living in the 
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house not because of the building but 
because of the people living here although it 
is the house the holds us all together  
- Going through the difficult process of the 
build working as a building group you learn 
how different people are and how they react 
and having this one common thing between 
us that we wanted a low energy house was a 
very unifying thing 
- The bills seem to be as expected as in 
cheaper than a conventional house – my 
heating bills are a quarter of what they used 
to be 
- Electricity bills are essentially the same, that 
doesn’t change really 
- We have gas for cooking in the house but 
that is so low that we hardly notice it 
 
Occupant 2KlimaSolarHaus – Sabine 
 Interview Questions Answers 
1 How long have you lived 
here? 
- Since the summer of 2009 
2 What is it like to live here? - Actually very pleasant 
3 How did you come to live 
here? 
- I don’t know what is like in the UK but 
pensions are not so large here and are likely 
to remain fixed 
- All other costs such as health, tax and other 
bills will rise 
- So cost was a big consideration and I wanted 
to stop being dependent on oil and gas 
4 Is there in your eyes - You have to get used to living here 
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anything different or 
special about living in this 
building? 
- For example in a normal house you would 
either turn the heating down really low or 
turn if off completely if you go travelling 
- In this house you leave it on 
- In a normal house even in this type of cold 
temperature you can open the windows to 
bring in air but here you should not do this in 
the same way 
- We had a situation last winter where the 
temperature in the whole house started to go 
down continually until we were suddenly at 
17 degrees C and nobody knew what caused 
this  
- Then it turned out that some of the people in 
the flats above had turned their heating off 
because they decided that it was so nice and 
warm that they didn’t need any heating and 
this affected the entire house 
- We had to learn to change the habits of a 
lifetime 
- In summer it is cooler than in other buildings 
because of the MVHR 
- Even last summer when it was really hot I 
didn’t have a temperature more than 25 
degrees C when other flats in other buildings 
had 30 degrees 
5 How much do you feel you 
know about this 
development/ where did 
the information come 
from/ how was it passed 
- We have information through the building 
group (housing association) and we have 
developed that information over the 3 years 
before the house was built 
- We made all the decisions in relation to this 
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on to you? house together 
 
6 What do you think of it? - There were always some of the group who 
knew more or who had read more than 
others about Passivhaus and they helped the 
others who knew less 
 
7 Has it made you do things 
differently? 
- Living in Berlin has changed my lifestyle more 
than living in this flat 
- I find it quite luxurious that I can leave all the 
internal doors in the flat open here because 
there is the same temperature everywhere 
- I used to live in the family house in Bavaria 
where I would heat one room up and then 
keep the door shut because the rest of the 
house was cold 
8 Have you made any 
changes to your home? 
- No because we have really only just moved in 
- But many of us worked with the architects 
during the design phase to change the plans 
- I had an extra bathroom with guest WC put 
in my flat that was the only modification 
- I haven’t taken any walls out or added any 
new ones 
 
9 If you had the choice (and 
money), what would you 
change in your home? 
- I would probably make my extra bathroom a 
bit bigger 
10 If they will build another 
version of this 
development, what should 
they change? 
- Actually I would do it all again 
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11 Any other comments? - The MVHR in my flat is relatively loud but in 
other flats it is not  
- The technicians don’t know why that is, they 
have an idea what it could be but they 
haven’t found a solution yet 
- With noise we don’t really hear anything 
from outside however we can just hear the 
children from the school yard outside 
 
Occupant 3 KlimaSolarHaus – Renate 
 Interview Questions Answers 
1 How long have you lived 
here? 
- Since Summer 2009, I was one of the first to 
move in 
2 What is it like to live here? - Very pleasant 
- I used to live in a small family house until the 
family split up and I thought that  it was too 
big and too much for me - here I have a 
manageable space 
3 How did you come to live 
here? 
- I am a pensioner and 67 years old 
- I used to live in a small village then the family 
separated  
- At my age I wanted to live in a city to be near 
people and be with other people that I like 
and not be dependent on a car 
- I liked the fact that it is environmentally 
friendly and a Passivhaus 
- Since the Chernobyl accident I have been very 
interested in the environment 
- I also have a relatively small pension and I 
don’t want to spend all my money on living 
costs 
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4 Is there in your eyes 
anything different or 
special about living in this 
building? 
- We are a housing association and before we 
moved in we had regular meetings to plan 
the development of the house 
- It feels good to live here 
5 How much do you feel you 
know about this 
development/ where did 
the information come 
from/ how was it passed 
on to you? 
- The two people who founded the project 
provided initial information then we found 
out things together 
- It was possible to find information about 
Passivhaus via the internet 
- We had to develop information about living 
in a community 
6 What do you think of it? - Generally good because we talked about it 
between us 
7 Has it made you do things 
differently? 
- Yes my lifestyle has changed because I used 
to live just outside Berlin and now live in the 
city 
- I used to go swimming in the lakes in the 
summer and walking in the woods in winter, 
naturally I can’t do that here  
- I don’t use the car very much any more 
- I don’t need to go out of the house for 
company I can just go and visit people in this 
building 
- We used to live in a house where with 
heating from an oven when I was a child and 
heat up one room only 
- Living in a Passivhaus is a different way of 
keeping warm/producing heat 
8 Have you made any 
changes to your home? 
- We were all involved in planning our own 
flats with the architects 
- But I haven’t made any changes since 
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9 If you had the choice (and 
money), what would you 
change in your home? 
- This is the smallest flat and I would make it 
about 10m2 bigger 
- I find the entrance zone a bit narrow 
- But I have enough space for my needs 
 
10 If they will build another 
version of this 
development, what should 
they change? 
- I would also make a small Winter garden 
11 Any other comments? - It is naturally cheaper to live here than if I 
lived alone in a little house 
- I hope that the costs will stay low – heating 
costs for us in Germany are the deciding 
costs  
- It is great here 
 
Interview with Jörg Meyerhoff 
A further unstructured interview was undertaken with Jörg Meyerhoff who is a resident of 
the KlimaSolarHaus but who has also acted as a representative for the project. He explained 
more about the background context to the development and how the residents had 
collaborated in a formal legal agreement to form a housing association which procured, 
bought and manages the building.  
‘the financing of this project was very important, because we knew from other 
groups that were trying to build houses that the financing is always the weakest 
point in the whole system, so when we organised ourselves we were founding a kind 
of enterprise’ Jörg Meyerhoff -  (Lynch, 2011b) 
He also explained that while the project was part financed by the residents themselves who 
each put in one third of the cost of their own flats, the other two thirds of the project were 
financed through borrowing from two different banks. These banks were the GLS bank 
(Gemeinschaftsbank für Leihen und Schenken) a German ethical bank that funds 
192 
 
environmental building projects and secondly the KfW (Kreditanstalt für Wiederaufbau) 
which is a German state bank that was founded as part of the Martial Plan after World War 
11 to finance the redevelopment of Germany .  
It now offers low interest rate loans to redevelopment and environmental projects 
throughout Germany. 
‘We had one bank for the whole house, for the whole project, that was GLS bank, a 
bank specialised on ökologische projects and they would give part of the credits and 
another part was Kreditanstalt für Wiederaufbau KfW, which is a public bank and 
they give very cheap credit for people who build energy saving houses’ Jörg 
Meyerhoff  - (Lynch, 2011b) 
Jörg explained that the residents were responsible for running the flats themselves and that 
they divided themselves into specific management groups which looked after different 
aspects of the day to day management of the building, the plant room and services. The 
building includes a cellar plant-room and bicycle storage, a communal garden and a ground 
floor communal meeting room that can be used for various events. 
While some initial teething problems were experienced through both the evolution of the 
housing association community and the development and running of the building, most of 
these problems were solved during the first year of operation.  
Some key issues were highlighted in relation to the overall services and ventilation strategy 
for this building which uses centralised plant systems such as a wood-pellet boiler for water 
heating and top-up space heating grey-water harvesting which are housed in the cellar and 
a central MVHR unit which is housed on the sixth floor. Some residents initially had 
problems understanding how the grey-water recycling system worked and were irritated 
when it started to smell of perfumes from shampoo and bubble baths and one resident 
reported noise issues in relation to the MVHR installation in their flat. More significantly 
since the house is designed as one system, residents had to learn that they could not 
individually leave windows open in their own flats for long periods of time during the 
heating season or switch the heating off in their own flats for long periods without 
potentially adversely affecting the comfort of other residents. The residents had to learn to 
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co-operate to manage the thermal comfort in the building, but once this was understood it 
caused no problems. 
The KlimaSolarHaus backs onto a school and the residents remarked that they were happy 
with the sound insulation that the building fabric provided against the noise from the school 
and general external street noise. Jörg did however draw attention to a particular occasion 
when a crime was committed in the park to the front of the building during the night. A 
police helicopter was brought in to search for the suspect, this woke most of the rest of the 
neighbourhood but none of the residents of the KlimaSolarHaus were woken or disturbed 
by the helicopter.  
Conclusions 
As is the case for the St.Jakob development, the KlimaSolarHaus project used techniques to 
develop a community of residents who bought into the project as a community from the 
earliest design phases onwards. Each resident was allowed input into the management 
process and to have influence over the final design of their individual flats, the building as a 
whole and the operational strategies.  
The residents of KlimaSolarHaus also bought into a contractual agreement to buy and run 
their flats as a community or housing association.  
A key difference between the St.Jakob project and the KlimaSolarHaus is the fact that the 
KlimaSolarHaus is designed around centralised building services and MVHR system. The 
KlimaSolarHaus also makes more use of on-site renewable energy technologies such as solar 
thermal and wood pellet heating to support the domestic hot water and top-up space 
heating. These flats also use grey-water harvesting but do not have a green roof like at 
St.Jakob. 
The residents of the KlimaSolarHaus gave similar feedback to the residents of the St.Jakob 
development in relation to their overall satisfaction with the project specifically in relation 
to the cost of heating overall comfort was also similar with the exception of dry indoor air 
quality being reported by two residents of the St.Jakob project. Since none of the flats in the 
KlimaSolarHaus development was a maisonette there were no similar problems as were 
mentioned by Thomas and Melanie from the St.Jakob development in relation to noise 
travelling down or up an open stairwell. One resident of the KlimaSolarHaus did however 
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complain about the noise associated with the ventilation system in her flat, but this did not 
seem to be a problem in the flats of other residents who were interviewed. The acoustic 
design nature of the building, which means it is very ‘noise impermeable’ or sealed could 
potentially offer advantages especially in a noisy built up city environment. It may however 
also prove uncomfortable for some residents who are used to hearing the sounds of busy 
streets and wildlife and who wish for a stronger acoustic connection with the outside world. 
A key difference between the two developments is in the maintenance regimes. While some 
communal facilities are part-maintained by residents of St. Jakob, such as the green roof, 
individual comfort and maintenance of the MVHR units in the individual flats in St. Jakob is 
the responsibility of those occupying the flats, whereas the main building services and 
MVHR in the KlimaSolarHaus are run and maintained by resident groups in the house. Both 
developments do however use the services of external contractors to support the 
maintenance regimes and there are still links to members of the design team inclusive of the 
architect and the building services engineer. 
Summary of Key Points 
The two Passivhaus blocks of flats are located in different regions within Germany with 
different local climates, showing it is possible to build to the Passivhaus standard in these 
two different regions. The occupant feedback from both of these developments indicates 
general levels of satisfaction with comfort in summer and winter for each development but 
some issues in relation to dry indoor air quality was reported in the St. Jakob development 
and noise from the MVHR system in the KlimaSolarHaus.  
The occupants of both developments have indicated that they had to learn how to maintain 
indoor thermal comfort levels in summer and winter by successfully employing the use of 
the MVHR systems and principles for controlling natural ventilation such as appropriate 
window opening strategies and the use of shading devices which form part of the building 
designs.  
These projects demonstrate two different approaches to designing and living in a 
Passivhaus, one with individual MVHR units in dwellings and one with central building 
services and MVHR systems. Both of these approaches, according to this occupant feedback, 
seem to be generally successful. This shows that it is possible to design dwellings to the 
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Passivhaus standard using different building services design strategies and different 
operational/management regimes, but that a centralised system for flats would take a 
greater understanding and co-operation of residents to function well. 
Specific community building techniques were employed in the case of both developments 
with the aim of creating cohesion between tenants during design, construction and 
occupation of the buildings. The community building exercises were also used to inform 
residents about the requirements of living in a Passivhaus. The main success of both these 
two developments can be attributed to the willingness of residents to buy into and 
participate in the design and management of the projects. Thus they developed a vested 
interest in making their building and community work. All the residents who were 
interviewed bought into the developments for a longer rather than shorter time-frame, so 
they bought the flats as homes, as a family, an individual or for retirement and not purely as 
an investment. 
The residents of both developments had to learn new behaviours to enable the successful 
functioning of these Passivhaus projects, but these were not seen to been difficult or 
restrictive. Once the residents learnt how to operate or work with the systems the systems 
did not appear to adversely impact upon their lives. 
All the residents of both projects who were interviewed were generally happy with the 
comfort levels and low heating bills but there were some issues with dry indoor air quality.  
The residents were also happy with the sense of community that had developed as part of 
their projects. Some issues did arise in relation to noise from MVHR and the sealed acoustic 
nature of the environment in the KlimaSolarHaus with all the windows closed. It was issues 
that related to the acoustic design that some of the residents would change for future 
projects. 
The affordability and financing of the projects were important factors contributing to the 
success of these developments as was direct and indirect support from local and national 
government. It was also important that those who were employed to design and construct 
the buildings had prior experience with designing or building to the Passivhaus standard. 
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The overall success of these Passivhaus buildings has been contingent on a combination of 
successful installation of technology combined with financial and social support and buy-in.  
 
 
 
  
197 
 
Comparison between UK and German Case Studies 
 
The following table compares key findings from all the case studies reviewed for this 
chapter. 
Figure 35 Table of Comparison between UK and German Case Studies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please see appendices for larger table of Figure 35. 
The three UK case studies are all some of the earliest accredited Passivhaus buildings in the 
UK. Two are residential with one of these being a private dwelling and the other part of a 
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social housing project, the third case study is a small community centre. In contrast both the 
German case studies are blocks of flats and are privately owned but have been procured in 
conjunction with different types of housing association or community housing group. 
 
Although the German projects have been built in a country where the Passivhaus standard is 
better developed than in the UK, both these two projects can be seen as being 
‘experimental’ within this context. The St. Jakob project in Frankfurt was the first block of 
flats built to the Passivhaus standard in Germany; it is also predominantly north facing and 
therefore of special interest in relation to its design and overall energy performance and use 
of solar gain, which makes up a component part of the energy design of a Passivhaus and 
since maximum solar gain experienced in the northern hemisphere is from the south and 
west facades of a building. 
 
The KlimaSolarHaus is unusual in being one of the first Passivhaus buildings to be completed 
in Berlin. Both the German projects are also particular because of their procurement 
methods which involved the participation of occupants from the very earliest stages of the 
project prior to procurement of the sites and during design, construction and final operation 
of the buildings. This has helped to ensure occupant’s ‘buy-in’ and smooth operation for the 
projects and gave the occupants a good understanding of the Passivhaus concept and what 
it means to live in one prior to them occupying their homes.  
 
All the projects with the exception of the Larch House (where the tenants have not been 
directly involved with the design of the house and have chosen to live there as part of a 
competition) utilised a high degree of ‘buy-in’ from clients or occupants as compared to 
processes surrounding the procurement of most conventional buildings.  
 
In all cases great care was taken to manage design, construction and occupation processes 
to ensure success of the developments. 
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Cost 
The build cost for the Canolfan Hyddgen community centre in Machynlleth were found to be 
directly comparable to a similar sized school building designed only to meet the 
requirements of BREEAM Excellent, but not the Passivhaus standard in combination with 
BREEAM Excellent. The build costs for both the Larch and Lime houses was found to be 
higher than a typical UK build project, as were the costs for Denby Dale house. This cost 
uplift was found to be approximately 10-15% above standard costs for conventional UK 
housing projects.  These additional costs have however been attributed to the prototype 
nature of the projects and additional learning curves associated with their delivery. They 
also reflect the early stage development of this innovation and perhaps the additional care 
required to build to this standard, particularly when considering site skills and monitoring 
requirements. In conjunction with this many of the key components used in the 
construction for both these developments, such as windows and MVHR units were imported 
from mainland Europe thus introducing additional cost which would not necessarily be 
incurred with the use of indigenous UK products, through transport costs. 
The German developments were delivered at similar cost to conventional flats in Germany, 
but in both cases the projects had the advantage of cheap or cost free land on which to 
build. In the case of the KlimaSolarHaus in Berlin, this development was also supported with 
a cheap loan from the KfW German state bank. This is of great significance when 
understanding final overall costs for the projects, which would have been higher without 
‘subsidised ‘land costs and finance. 
If the projects were to be reviewed in terms of whole life costs, therefore taking account of 
the reduction in heating and energy bills throughout the life of the project against capital 
build costs, all the projects would then potentially start to appear more affordable. This 
would need to be examined as part of further research. 
If these buildings were constructed as part of a speculative market and being sold on to new 
owners then the lower running cost savings associated with the Passivhaus design may not 
appear so attractive to a developer, who would not be responsible for these costs. 
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While the KlimaSolarHaus received support with a low interest loan from the KfW bank the 
Frankfurt and UK projects received no such similar financial support, with no similar 
mechanism currently in existence in the UK, at the time of this research. 
Procurement 
All the UK projects were procured under mechanisms which allowed for a high degree of 
architect and engineer intervention on site, especially in relation to issues surrounding 
quality control of construction. With different procurement methods such as ‘Design and 
Build’ contracts which are commonly used in the UK, this level of control is not always a 
possibility, since responsibility for QA is often distributed between designers and 
contractors. This type of process could be detrimental to achieving the level of detail control 
in construction necessary to deliver a Passivhaus standard building, but would have to be 
tested as part of further research. 
In the case of the German projects, the St.Jakob development was built by experienced 
Passivhaus architects and designers who had previously been involved with the design of 
some of the earliest Passivhaus buildings in Germany. This experience undoubtedly helped 
them to understand many of the pitfalls associated with designing and building a Passivhaus 
and for them to deliver a better quality product. 
In the case of the KlimaSolarHaus in Berlin, the original Berlin architects originally appointed 
as part of the project team, were eventually replaced by architects from Hamburg with 
more experience in the realm of Passivhaus design and project delivery than their Berlin 
conunterparts. 
Construction 
Both the Canolfan Hyddgen and the Larch house were built using timber frame construction 
whereas the Denby Dale Passivhaus was built using the more traditional UK construction 
method of cavity wall construction. Both these construction types were found viable to 
meet the requirements of the Passivhaus standard in the UK.  
The German developments were constructed using a concrete frame which is more typical 
for housing developments in Germany. 
The representation of different construction types in the case studies indicates how the 
Passivhaus standard can be appropriate for different methods of construction. 
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Performance 
Performance figures from monitoring the operation of the Canolfan Hyddgen, the Denby 
Dale Passivhaus and the St. Jakob development all show these buildings to perform as well 
as or better than design intentions in terms of energy use. Figures from the Larch House and 
KlimaSolarHaus are still to be reviewed since full monitoring of both project is (at the time 
of this research), to be completed.  
Feedback from the interviews with the residents of the KlimaSolarHaus has indicated that 
areas where operational performance may not have met with initial design expectations are 
linked to subsidiary technologies such as the grey-water recycling and the use of the wood 
pellet boiler, both of which have been mentioned as presenting some problems by 
occupants. Likewise living with only one central MVHR system in the KlimaSolarHaus seems 
to have presented more of a challenging learning curve for the occupants than the use of 
individual MVHR units, which have been employed for all the other residential projects. The 
challenges have also involved residents of the St.Jakob’s and the KlimaSolarHaus projects 
having to get used to the acoustically sealed environment in a Passivhaus. In conjunction to 
this one resident from the KlimaSolarHaus reported some problems with noise from the 
MVHR installation. 
Occupant Satisfaction 
With the exception of the Larch House, which was only occupied at the end stage of this 
research, both the other UK projects and the two German projects seem to initially show a 
high level of occupant satisfaction. It is however clear from both the Denby Dale occupant 
blog and the feedback from the interviews with the residents of the German projects, that 
occupants have had to learn to live in their new dwellings and understand how to interact 
with the new technologies and designs. This has included for a better understanding of 
overall operations in their dwellings so that they can achieve optimum thermal comfort, but 
also the need to become acclimatised to an acoustically very sealed environment. 
Summary 
Despite these projects being of different construction types and built in different countries 
with varied local climates, it appears that the Passivhaus standard can be appropriate and 
function in all these situations. 
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These projects are all ‘pioneer’ projects and have involved high levels of ‘buy-in’ from 
designers, contractors and occupants for successful delivery. They have also involved the 
need for occupants to specifically learn to live with their new types of built environment. 
Additional costs have been shown to be associated with the learning curves surrounding the 
delivery of early or ‘first-time’ Passivhaus developments. It is however possible that these 
costs could be reduced over time once construction techniques and new skills have been 
mastered. Costs could also be offset over time through reduced heating and energy bills, if 
projects are reviewed in relation to whole life costs. 
For all projects attention to detail of design and delivery has shown to be a key factor in 
their success.  
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Results and Discussion 
 
Introduction 
 
The aim of this chapter is to present the findings from the Q-analysis, interpret these results 
and compare them with the findings from the case studies, thus bringing the component 
parts of this research together for review, cross-reference or triangulation.  
This chapter starts with a description of the Q-methodology process (Q-Tests) and documentation of 
the results of the tests. 
Q-Tests 
The Q-tests were administered to individual respondents in their work places or in a private 
room at UCL (University College London), according to the respondent preference. For each 
Q-test the respondent was provided with the same set of the final concourse statements or 
Q-sample (as included in the methodology chapter). This set of statements was provided on 
un-numbered cards with one statement on each. The respondents were then asked to ‘sort’ 
the statements according to preference on a pre-defined paper matrix, weighting each 
statement in accordance with how much they agreed or disagreed with it.  See sample 
below. (Figure 36). 
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Figure 36 - An example of a completed Q-test matrix  
N.B the statements on this matrix have been numbered as part of the Q-analysis process but 
were not numbered during the actual tests 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Of the 45 respondents who undertook the Q-test, 35 agreed to provide interviews and 
agreed that quotations and transcriptions from these interviews could be included as part of 
this research. All transcriptions and quotations have however been made anonymous, as 
also agreed with the respondents.  The table below (Figure 37) is also included in the 
appendices as are the transcriptions. 
 
 
 
 
 Matrix 
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Figure 37 - Table of stakeholders included in the Q-tests and Interviews 
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Analysis 
 
Matrices of opinions produced by stakeholders were analysed using PQ software with the 
following results. The table below (Figure 38) shows concourse statements from the Q-test 
against five factors. Each statement has been weighted from -5 to +5 within the factors. 
These weightings correspond to positive, neutral or negative group opinion about the 
statement. 
Figure 38 - Table of Concourse Statements and Q-Factors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Review of the five key factors of opinion reveals statements that gained most strong 
agreement or disagreement and which therefore could be interpreted as being most 
important to the respondents. These key statements for factors have been highlighted 
accordingly in the table below, with red indicating statements most strongly agreed with,   
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The table below (Figure 39) shows the concourse statements used as the Q-sample in the 
tests and the five key factors of opinion that were generated from the assessment of the 
combined Q-sorts. Each factor of opinion represents a combination of statements that are 
grouped according to strong agreement or disagreement. The statements most agreed with 
are highlighted in red and those most disagreed with in dark blue. Pink and light blue 
colours indicate statements that are relatively less strongly agreed and disagreed with 
respectively. 
Figure 39 - Table Showing Key Factor Weightings 
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Summary of Factors 
 
The following table isolates the statements from each of the five factors that were most 
agreed or disagreed with. These statements provide the basis or key opinions for each 
factor and represent the strongest opinions from the group.  They are then used as the basis 
for descriptive titles for each of the five factors listed below. 
Figure 40 - Table of Key Factors of Opinion 
 
 
 
 
 
 
 
 
 
 
 
 
Descriptive title for each of the five factors of opinion – these titles summarise the key 
points from each factor of opinion -  
 Comfort, Climate, MVHR and SAP 
 Comfort, Energy Performance, Supply Chain, Ambition and Precedent 
 Short-Termism (‘fast-buck’ mentality) , Representation, Ambition, Legislation and 
Planning  
 Representation ,Comfort, ‘Fast-buck’ Mentality, Precedent and Skills 
 Representation, Energy Performance, Fear of Low Air-Permeability, Financial 
Incentives, Precedent and Policy 
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These factors have then be interpreted as follows -  
 
Interpretation of Factors 
 
The essence to understanding the factors is their interpretation. Each of the five factors of 
opinion have been reviewed and interpreted with weightings placed on the statements that 
were most and least agreed with. In each case representative quotations from individual 
stakeholder interviews, gathered during the Q-tests, have been used to demonstrate further 
depth of opinion. The factor interpretation is then followed by a summary. 
Factor One – Comfort, Climate, MVHR and SAP 
Most agreed with Second most agreed with Second least agreed with Least agreed with 
(2)*Passivhaus offers 
good comfort for 
occupants 
(8)Passivhaus is 
appropriate for the UK 
climate 
 
(29)The use of MVHR 
improves indoor air-
quality 
(26)MVHR uses more 
energy than it saves 
 
(38)We understand 
building fabric 
performance well in the 
UK 
(11)SAP is a more 
appropriate software for 
low energy building 
design than PHPP 
*- number in brackets () relates to statement number from the table of concourse 
statements  
The statement most agreed with for this factor was – that ‘(2)Passivhaus offers good 
comfort for occupants’, and the statement least agreed with was that ‘(11)SAP is a more 
appropriate software for low energy building design than PHPP’.  
The statements that gained the second highest levels of agreement were that - 
‘(8)Passivhaus is appropriate for the UK climate’ and that ‘(29)The use of MVHR improves 
indoor air-quality’. The statements that met with the second highest level of disagreement 
were that ‘(26)MVHR uses more energy than it saves’ and ‘(38)We understand building 
fabric performance well in the UK’.  
The overall summary of weightings of opinion for these statements shows a bias in concern 
for issues relating to comfort, ventilation, building energy performance, indoor air-quality 
using MVHR and the current UK building energy design software for domestic buildings, 
SAP.  
Comfort 
Of significance with this first factor of opinion is that opinion is heavily weighted on the 
issue of good occupant comfort.  
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There is a body of research literature which has been produced by the German Passivhaus 
Institut in Darmstadt and others which relates to Passivhaus performance inclusive of 
comfort and indoor air-quality. This is largely based on evidence acquired from monitored 
Passivhaus buildings in Germany and the wider EU. This literature concludes that Passivhaus 
buildings have the capacity to offer a high degree of occupant comfort and good indoor air-
quality, but may have the potential to produce a dry indoor air-quality, as described in the 
series of ‘Protokollband’ reports produced by the Passivhaus Institut in Darmstadt (PHI) such 
as Protokollband Nr.23  – ‘Einfluss der Lüftungsstrategie auf die Schadstoffkonzentration 
und –ausbreitung im Raum’ (Feist et al., 2003) (‘The influence of ventilation strategy and 
pollutant concentration on internal indoor air-quality’)and ‘Sparsames 
Wäschetrocknen’(Feist, 1998a) (Efficient Washing Drying) as a result of air being dried 
through the heat exchanger in the MVHR unit during the ventilation process. The report, 
Protokollband Nr.23 contains ten papers on different themes surrounding ventilation in a 
Passivhaus, such as the impact of indoor air quality on hygiene and recommendations for 
ventilation strategies in Passivhaus designs. The conclusions of these papers are generally 
favourable concerning the performance of Passivhaus buildings in relation to indoor air-
quality. They also show that Passivhaus buildings perform better than equivalent naturally 
ventilated buildings in terms of all internal pollutant levels such as CO2 (Carbon Dioxide). 
This literature is only available in German, so it would be difficult for the Q stakeholders or 
those outside of German speaking countries to access this material directly. In the case of Q 
Respondents it is likely that their opinions surrounding the issue of comfort in a Passivhaus 
are obtained from other sources of information. 
When considering comfort in terms of thermal comfort the design of a Passivhaus aims to 
create an even indoor air temperature of between 17 – 21  C  all around the year, however 
the potential for a Passivhaus building to overheat on exceptionally hot days in summer has 
sometimes been questioned. In their paper titled ‘Overheating in Residential Passive House: 
Solution Strategies revealed and confirmed through data analysis and simulations’ (Mlkakar 
and Strancar, 2011) published in Energy and Buildings in 2011, Jana Mlkakar and Janez 
Štrancar examine issues of overheating and offer solutions through the use of night-cooling 
and natural ventilation strategies which are confirmed as appropriate mitigational 
strategies. These types of solutions have been shown to have the potential to deliver 
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summer comfort on very hot days. Findings from the POE interviews with residents of the 
St.Jakob’s development in Frankfurt and the KlimaSolarHaus in Berlin provide some 
supporting evidence that summer overheating can be successfully controlled through 
resident interaction with the building operation, for example through the appropriate use of 
summer shading.  Feedback from these brief occupant surveys however shows some 
evidence that the developments may have a ‘dry’ indoor air-quality and that the occupants 
of a Passivhaus may have to learn to live with its specific acoustics, which can work to block 
out external sound. The MVHR installation may also present some noise issues, depending 
upon its installation. Issues relating to noise from MVHR installations and occupant comfort 
have also been reported in recent post-occupancy evaluation studies from domestic 
buildings in the Netherlands (van der Pluijm, 2010) 
Climate 
A strongly positively weighted statement from this factor which can also be linked to the 
statement about SAP and PHPP was the statement ‘Passivhaus is appropriate for the UK 
climate’. An issue was however noted by the stakeholder group about the lack of inclusion 
of enough accurate UK weather data as part of PHPP. This issue is also remarked upon by 
Peter Warm, the certifier of many UK Passivhaus projects, on the Passivhaus Institute 
database of built projects (PHI, 2012a) and referred to in the UK domestic case studies. At 
the time of these interviews and Q-tests a full set of UK English weather data files was not 
included as standard within PHPP 2007. Despite this, evidence from recent Passivhaus 
projects built in the UK such as the Canolfan Hyddgen in Machynlleth and the Denby Dale 
Passivhaus seem to show that Passivhaus buildings can be appropriate for the UK climate if 
designed appropriately. 
MVHR 
Two statements relating to MVHR figure strongly as part of this factor of opinion. They 
represent respondent opinion but may also be relevant to a wider UK industry 
understanding of this technology and its specific use as part of heating and ventilation 
strategies for dwellings. This can also be demonstrated in findings from the case studies and 
brief history of Passivhaus. Specific stakeholder opinions in relation to MVHR are illustrated 
with the following statements -  
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 ‘ but I think that the whole notion of understanding what the MVHR does in terms of 
energy and sound quality is not brilliantly understood – clearly this is something in 
conjunction with a number of other things – if you put it in (MVHR) to a number of 
buildings where it doesn’t meet the required air-tightness then yes it will (use more 
energy) as it is just like sucking air in and blowing air out – it is just the wrong piece 
of kit and I think this is probably something that is not well understood in the British 
construction industry’ - M - Architect and Passivhaus Designer 
‘It says that MVHR uses more energy than it saves – I don’t find that – there are other 
things that I would have problems with it – like it would break down or get blocked 
up’ - GG - Higher Education Lecturer/ Physicist 
‘we had a session on ventilation and moisture last week and – it is quite interesting 
because some  of the people came in to the meeting and their view was if we are 
going to have to get to Code 4 we are going to have to use MVHR anyway – so there 
won’t be a problem with moisture – a complete lack of understanding about the 
difficulties of making sure that they work operationally – because you expect that 
people know how to operate them – and expecting low income tenants for example, 
who have got many other worries to work out and to care about changing filters and 
making sure that the system is working properly – even if they know how it works 
and they are taught properly’ - RR - Policy Advisor 
These statements are also supported by recent findings from research undertaken by Leeds 
Metropolitan University into housing at Stamford Brook (Wingfield et al., 2007) which 
concluded that the correct design, installation and commissioning of MVHR  and MEV 
(Mechanical Extract Ventilation),  are integral to performance, together with findings from 
research undertaken by BRE, documented in the report ‘Information Paper IP9/08 Part 2 – 
Applying the Code for Sustainable Homes on the BRE Innovation Park: Lessons learnt about 
energy sources, overheating and ventilation’(Gaze et al., 2008). This report states that –  
‘The installation of ventilation systems and ductwork needs to be considered at the 
design stage and not left to be resolved on site. If ductwork routing is not adequately 
considered at the design stage, installation may be difficult and the performance of 
the system compromised.’ (Gaze et al., 2008) 
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Further research undertaken by Stevenson and Rijal (Stevenson and Rijal, 2008) for Oxford 
Brookes University into the Sigma House at the BRE Innovation Park argues that installed 
technologies must also be user friendly if they are to be a success. 
Issues relating to the statement about MVHR using more energy than it saves can be 
examined in the work of Lowe in his paper ‘Ventilation Strategy, energy use and CO2 
emissions in dwellings’ (Lowe, 2000) which demonstrates the need for buildings to be 
constructed to high levels of air-tightness/low air-permeability for MVHR to perform to its 
optimum in terms of energy efficiency and internal comfort levels. However if fabric 
performance criteria are satisfied the AECB (AECB, 2008) argue that the use of MVHR will 
save energy in comparison to a natural ventilation strategy for the same Passivhaus 
specification dwelling. This is also demonstrated in research from the Passivhaus Institut in 
Darmstadt who argue that MVHR will use about 10% of the primary electrical energy in a 
Passivhaus home (Feist, 1998b) 
In the quotation from an Engineering Director from UK consultants ARUP from an email 
dated 10.12.08, when referring to the Lighthouse, at the BRE Innovation Park, for which 
ARUP were the design engineers and which was built to the CSH Level 6 (or ‘zero carbon’ 
level), it is argued that there may still be a debate surrounding levels of CO2 emissions from 
MVHR versus energy use in kWh -  
‘Prior to doing the Kingspan Lighthouse and the Barratt Greenhouse we did a set of 
parallel calculations, not least because we believe SAP is somewhat simplistic when it 
comes to solar gain, ventilations, domestic hot water demand, etc. 
Among the things we found was that in a super-insulated home with very modest 
space heating demands, the fan power carbon emissions can exceed the heat 
recovery carbon savings. This was also the case if we used the new generation super-
low energy fan units (SFP (SFP<1W/l/s) from Europe. This was particularly the case if 
it has room exposed thermal mass. 
Note this is carbon emissions not energy. This is where the grade of energy used (& 
its carbon content) becomes so important instead of simply the number of kWhs. The 
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carbon measure also makes a reasonable approximation for relative operating cost 
and of the relative capital cost of renewable electricity verses renewable heat. 
That said we did not pursue the issue further at that stage for these projects because 
BRE would not accept alternative compliance routes for CSH6*, SAP does not model 
thermal mass energy influences, and Kingspan wanted to market a MVHR unit 
without a high thermal mass option! The client is always right……!’ (Twinn, 2008) 
This email is reveals a potential need for greater understanding, research and 
communication surrounding the design, installation and use of MVHR systems by engineers 
and contractors in the UK. It also demonstrates the potential significance of the influence of 
the client on the design team and the procurement process and the impact that he or she 
can have on the final development. Typically the metric of CO2 emissions or carbon is not 
used as a standard to assess performance of buildings in Germany or other parts of the EU, 
where buildings are measured for performance in terms of energy or kWh. This can lead to 
some confusion over actual environmental impacts of buildings, when assessing them in 
relation to current UK Building Regulations and CSH criteria. PHPP does however allow for 
the calculation of CO2 emissions for a Passivhaus design as separate sheet as part of the 
software. 
Research undertaken by the PHI which is quoted in the brochure ‘Active for more comfort: 
The Passive House’(PHI, 2009) ,produced by the Passivhaus Institut, states that MVHR has 
the capacity to – 
‘save more than 10 times the energy used for their operation’ (PHI, 2009)  
This is backed up by more in-depth research undertaken by the PHI into ventilation in 
Passivhaus dwellings in the report ‘Luftung im Passivhaus – Passivhaus Bericht Nr. 4’ (Feist, 
1997b) and ‘Re-inventing air-heating: Convenient and comfortable within the frame of the 
Passive House concept’ (Feist et al., 2005). This research is again supported by the research 
of the AECB (AECB, 2008) when comparing CO2 emissions of MVHR against natural 
ventilation. Much of the complexity of achieving these energy savings is however discussed 
in the research undertaken by Lowe (Lowe, 2000) when the need for appropriately low 
levels of air-permeability are emphasised in order to achieve energy and CO2 savings. 
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Fabric Performance 
UK understanding of building fabric performance weighted negatively as part of this factor 
of opinion, showing that the stakeholders did not feel that there was a good understanding 
of building fabric performance in the UK.  
The recent Royal Academy of Engineering (RAE) report ‘Engineering a low carbon built 
environment: The discipline of Building Engineering Physics’ (RAE, 2010) stresses the 
importance of teaching the discipline of ‘Building Engineering Physics’ to those involved in 
building design if the UK is to deliver a future low carbon built environment –  
‘The need for professionals in the construction industry to be well versed in building 
engineering physics has never been higher with global concerns to address the 
sustainability of the built environment. Building engineering physics is a key scientific 
discipline, the understanding of which allows designers to manipulate the thermal 
and environmental characteristics of buildings to achieve performance criteria 
without necessarily relying on energy consuming building services installations.’(RAE, 
2010) 
Weight of opinion from this factor could cast some doubt on the competencies of the UK 
consultancy industry and its ability to understand building fabric design and therefore 
building physics. A need for a greater understanding of building fabric performance together 
with building physics seems also to be supported by the RAE report. 
PHPP and SAP 
The statement relating to SAP being more appropriate for the design of low energy buildings 
than PHPP is most strongly disagreed with. This is supported with interview data that 
provides anecdotal evidence that there are current aspects within SAP that mean it is 
potentially not appropriate for the design of very low energy or Passivhaus buildings. This is 
despite it being the UK current energy modelling tool for the CSH and Part L energy 
performance compliance for housing and the specific delivery of CSH Level 6 or ‘zero carbon’ 
homes in the UK. This can be illustrated with the statements from respondent interviews 
below - 
 ‘I am not a great believer in our current regulatory model with SAP and DER and TER 
– that has got such fundamental problems – simply that we know already that 
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anomalies such as for some houses you need to increase the heat-loss area to get 
them through – the current methodology actually penalises good shape – there are 
loads of problems, I think the whole thing is pretty riddled which is why I work on 
Passivhaus and not SAP – why I have given up working and teaching on SAP – 
because I think it is fundamentally flawed and so I don’t know what is going to 
happen in terms of the regulations, I am just keeping on doing something that seems 
like sanity and why I hope that the Passivhaus approach will gradually filter its way 
into what we are doing’ - B - Engineer / Independent Passivhaus Consultant and 
Trainer 
Some of the stakeholder group considered that PHPP to be a more transparent software 
than SAP, as represented in the following quotation -  
 ‘If something is quite unusual well I say ‘can you send me your (PHPP) model and you 
can go through the model together and you can immediately pick out what they 
haven’t done – the guidance is so fantastic but also you have to understand the 
principles of what they are doing’ - EE - Higher Education Lecturer in Passivhaus 
Design 
However, another stakeholder had doubts about the complexity of PHPP in comparison to 
SAP and stated -  
 ‘I think there needs to be something in between SAP and PHPP – because PHPP 
doesn’t seem to be very user friendly – and is quite laborious – but SAP doesn’t seem 
to be detailed enough’ - Q- Sustainable Design Engineer 
Factor One Summary 
In summary the significant opinions defining this factor seem to focus on a belief in the 
capacity for the Passivhaus standard to deliver high levels of indoor comfort, but with doubt 
being cast on the competencies and understanding from the UK consulting and construction 
industries to deliver adequate fabric performance and the necessary MVHR design and 
installation for this to be realised on a consistent basis in the UK. This is in part supported by 
recent research from the Netherlands. The issues relating to delivery of fabric performance 
and MVHR installation are also supported by recent academic research undertaken in the 
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UK by Oxford Brookes and Leeds Metropolitan Universities (cited above) and the of findings 
from examination of projects at the BRE Innovation Park. 
This factor also focuses on the differences between PHPP and SAP and the belief by 
respondents that SAP is not able to deliver the accuracy of calculation required for very low 
energy ‘Passivhaus ‘ buildings in the same way that PHPP can, despite some reflection on 
the difficulty that some designers have had when using PHPP. 
Factor Two – Comfort, Energy Performance, Supply Chain, Ambition and Precedent 
Most agreed with Second most agreed with Second least agreed with Least agreed with 
(2)Passivhaus offers 
good comfort for 
occupants 
(24)Passivhaus buildings 
have to perform as 
specified to work 
 
(16)We understand 
building energy 
performance well in the 
UK 
 
(4)There is a mature 
supply chain for 
Passivhaus components 
in the UK 
 
(35)The UK has a lack of 
ambition when it comes 
to building low energy 
buildings 
(15)The UK has many 
existing Passivhaus 
buildings to learn from 
 
The second factor of opinion is represented by the statement that ‘(2)Passivhaus offers 
good comfort for occupants’ which is strongly agreed with and that‘(15)The UK has many 
existing Passivhaus buildings to learn from’ which is strongly disagreed with.   
Following this the most significant statements that were agreed with were that ‘(24) 
Passivhaus buildings have to perform as specified to work’ and that ‘(16)We understand 
building energy performance well in the UK’.  
The following two statements were significantly disagreed with ‘(4)There is a mature supply 
chain for Passivhaus components in the UK’ and that ‘(35)The UK has a lack of ambition 
when it comes to building low energy buildings’. 
Comfort 
This factor of opinion believes in the potential for Passivhaus buildings to offer a high degree 
of occupancy comfort. Some of the issues surrounding Passsivhaus and comfort have been 
discussed in relation to Factor One, but another issue, supported by the following 
respondent quotation, is the fact that without available Passivhaus buildings and dwellings 
for people to visit in the UK, it is difficult for people to imagine and understand the comfort 
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levels that might be achievable in a Passivhaus and thus compare them to their existing 
experiences of occupancy comfort -   
 ‘because I think it is the most misunderstood thing about Passivhaus is that in my 
view it is a comfort standard primarily – and an energy standard second and that is 
why it is so good, and that is what we teach and I think that is the thing that people 
don’t get – the problem is also that it is an experiential thing – until you have lived in 
one, you don’t know what people are talking about – more comfortable, ‘why what is 
wrong with my house’? – the fact is you have got draughts and it’s freezing and it is 
too hot and you know – and you think that is good, well you haven’t seen anything 
yet’ – B - Engineer / Independent Passivhaus Consultant and Trainer 
The above quotation reflects some of the complexity involved when trying to communicate 
the experience of living in a Passivhaus to those with no prior experience of living in one. 
The findings from the German case studies, where occupants mostly find their dwellings 
very comfortable helps to provide some evidence to verify stakeholder belief in Passivhaus 
comfort levels, but is likely not to be a substitute for actual experience for the majority of 
people. 
Performance 
The statement that ‘Passivhaus buildings have to perform as specified to work’ links to 
findings from research conducted into the construction and monitoring of the early 
Passivhaus development at Kranichstein in Germany and results from the CEPHEUS 
programme. This research concludes that there is a degree of tolerance to which Passivhaus 
buildings can perform.  All the case studies used as part of this thesis demonstrate different 
variations on designs which all meet the requirements of the Passivhaus standard. Feedback 
from the two German Passivhaus developments demonstrates that these perform to the 
design specification requirements but that occupants have had to learn to live with the new 
technologies associated with the designs. Some comfort and technological ‘issues’ were 
reported but these ‘issues’ were largely been overcome allowing for and the buildings to be 
very functional. 
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Supply Chain 
This factor of opinion disagrees with the statement that ‘There is a mature supply chain for 
Passivhaus components in the UK’  this can be supported by the findings from the UK case 
studies, all of which remark on the lack of indigenous UK manufactured accredited 
Passivhaus components such as windows, boilers and MVHR systems.  
Availability of suitable components and supporting supply chains has also been cited by the 
PHI in Darmstadt as being an early barrier to the development of the standard in Germany 
and Austria (IEE, 2006). 
The issue of availability of products and supply chain was also highlighted by Gavin Hodgson 
(formerly of BRE) in his presentation to the 12th International Conference on Passive Houses 
in Nuremberg in 2008 (Hodgson, 2008) when he cited these as being some of the main 
barriers to the uptake of the Passivhaus standard in the UK. From the stakeholder 
interviews, a policy advisor had the following to say about UK construction industry supply 
chains in general but with a lack of specific knowledge about this in relation to the 
Passivhaus standard -  
‘I have talked about components and supplies and supply chains – I think that that is 
quite important – it is all about systems integration really – things working together 
– so there is a lot of that that we don’t have established really well here, and you find 
it very difficult to introduce a new product unless it entirely interfaces with all the 
other products around which already exist, which sort of constrain it to be not 
particularly innovative in the first place, whereas actually you want a complete 
system – but how that relates to Passivhaus, I am not really sure – that is a  general 
perspective’ – PP – Policy Advisor 
Ambition 
The statement ‘The UK has a lack of ambition when it comes to building low energy 
buildings’ could  be supported in the stakeholder interviews by a quotation from a policy 
advisor who worked with the AECB Carbonlite Programme to develop UK equivalents to the 
Passivhaus Standard and therefore supports the Passivhaus standard. 
‘You see the UK has a lack of ambition when it comes to building low energy buildings 
– well yes they do because they talk about carbon -  can I put there are financial 
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incentives in there cos there should be if people work it out properly but they just 
don’t’ - SS – Policy Advisor  
This quotation focuses on the use of carbon which is the metric for UK Building Regulation 
Part L compliance but not the main metric of design for the Passivhaus standard.  
The introduction of the UK Building Regulations Part L 2006 saw the introduction of 
Carbon/CO2 as a main metric for building design compliance, so as to link building design 
directly back to UK national carbon reduction targets. Prior to this, the assessment metric in 
the Building Regulations had always been kWhs which is also the metric used in PHPP and 
the design of Passivhaus buildings. In order to achieve carbon compliance for the Building 
Regulations Part L, energy loadings for a building must first be calculated in kWhs and then 
converted into carbon/CO2. For the Passivhaus standard PHPP uses kWhs but provides a 
conversion chart at the back of the spread-sheet to show what this might mean in terms of 
CO2 emissions. Critics of the use of carbon as a metric believe it can provide misleading 
results in relation to delivering low energy/low carbon buildings since heat and energy 
generation sources and the carbon emissions associated with these can be subject to 
change through a building’s life and in relation to national energy generation emissions fuel 
mix over time. This is indicated in recent reports produced by the ZCH and previously cited 
in this research (ZCH, 2011a)(ZCH, 2011b) in the history chapter of this thesis. 
However the support for the statement relating to ambition may have more to do with the 
fact that the Passivhaus stakeholder group involved in this research are innovators and 
pioneers. They are therefore ahead of the mainstream in adoption of the new Passivhaus 
technology and may perceive others as lagging behind. 
Precedent 
The statement that ‘The UK has many existing Passivhaus buildings to learn from’ is 
strongly disagreed with by this factor of opinion. This is based on the fact that there are 
currently few completed examples in the UK. It can therefore be concluded that UK 
Passivhaus stakeholders or others interested in building to the Passivhaus standard in the 
UK, have limited experience or first-had design knowledge and understanding from UK 
Passivhaus projects to learn from, as supported by the following quotation from a 
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Passivhaus Architect who is currently involved in the design of Passivhaus dwellings in the 
UK -  
‘the UK has many existing Passivhaus buildings to learn from – I disagree ‘– P - 
Architect and Passivhaus Designer 
Factor Two Summary 
This factor of opinion can be summarised, as with the Factor One, in a stakeholder belief in 
the ability of Passivhaus buildings to deliver comfort in the UK. Although there are many 
examples of accredited Passivhaus buildings in Germany and Austria that have been shown 
to deliver high levels of comfort, questions do exist around issues of indoor air-quality, and 
overall indoor air-quality which may be contingent on the quality of MVHR installation. 
These are combined with some overall issues relating to the acoustic characteristics of a 
Passivhaus building and the potential for MVHR to create noise irritation if incorrectly 
installed. There is however concern within this factor of opinion about the availability of 
precedent in terms of finished Passivhaus buildings in the UK for designers, contractors and 
potential occupants to learn from. This is a warranted concern since there are currently only 
a small number of completed accredited Passivhaus buildings in the UK. This is also 
supported by strong opinion, and the findings from the UK case studies, that the UK does 
not currently manufacture enough Passivhaus certified components to provide an adequate 
indigenous supply chain for successful delivery of Passivhaus buildings on a larger scale. 
Factor Three – Short-Termism (‘fast-buck’ mentality), Representation, Ambition, Legislation and 
Planning  
Most agreed with Second most agreed with Second least agreed with Least agreed with 
(23)The UK construction 
industry has a ‘fast-
buck’ mentality 
(35)The UK has a lack of 
ambition when it comes to 
building low energy 
buildings 
 
(43)Passivhaus needs 
strong and coherent 
representation in the UK 
(25)UK current legislation 
favours Passivhaus 
design 
 
(1)The Passivhaus 
standard is well 
understood in the UK 
(27)Our planning system 
supports the Passivhaus 
standard well 
 
Factor Three is characterised by the statements ‘(23)The UK construction industry has a 
fast-buck mentality’ which is most strongly agreed with and the statement ‘(27)Our 
planning system supports the Passivhaus standard well’ which is most strongly disagreed 
with. After this, statements that are most strongly agreed with are ‘(35)The UK has a lack of 
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ambition when it comes to building low energy buildings’ and ‘(43)Passivhaus needs 
strong and coherent representation in the UK’. Statements after this that are most strongly 
disagreed with are ‘(25)UK current legislation favours Passivhaus design’ and ‘(1)The 
Passivhaus standard is well understood in the UK’. 
 ‘Fast-buck’ Mentality 
From the interviews, the following stakeholder quotations relates strongly to the statement 
‘The UK construction industry has a fast-buck mentality’ – firstly - 
‘so the UK construction industry has a fast-buck mentality – and I have put this at the 
top because the thing that has driven the UK construction industry is, be it house 
building, be it commercial development, has been very short term – and this is a long 
culture to turn around but it is going to have to happen now because of shortage of 
resources, cost of labour, cost of building – those old approaches to design and build 
and the construction industry won’t work in that kind of climate anyway – so that has 
been a major problem – so anything that has investment or long term thinking on the 
part of the developer or what required a client to think long term as well has – in the 
last 10 years it has been about how much money can I spend to make twice as much 
money when I sell it ‘ - FF - Higher Education Lecturer/Architect 
And secondly the quotation from a contractor involved in building to the Passivhaus 
standard in the UK -  
‘We are doing some work with Loughborough at the moment and trying to improve 
the lean construction processes – which tends to be ignored because of the 
fragmentation of the industry – doing it more efficiently doesn’t really matter 
because you are going out to tender as cheaply as possible’ - JJ - Passivhaus 
Contractor 
Both the above statements seem to emphasise a focus on profit as opposed to quality in the 
building design and construction industries. The second statement particularly outlines the 
contractor’s perception that cost and not efficiency and quality are the overriding factors 
that currently influence the procurement process for building design in the UK, with a stress 
that it is difficult to work outside these parameters and innovate if directly involved with 
building design consultancy or construction on a commercial basis. 
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Representation and Ambition 
The statement ‘The UK has a lack of ambition when it comes to building low energy 
buildings’ is also a key opinion for Factor Two and links to the statement that ‘Passivhaus 
needs strong and coherent representation in the UK’. It is also relevant to opinions about 
short-termism or a ‘fast-buck’ mentality in the UK construction industry, since the inference 
could be that there is a lack of will to support innovation and the communication processes 
surrounding the development of the Passivhaus standard. These could be because these 
cost more money than ‘business as usual’ solutions and do not necessarily result in short-
term or immediate profits.  
The above statements could be further supported by stakeholder quotations which describe 
the existence of a language barrier that may be preventing communication of Passivhaus 
understanding in the UK which may be exacerbated by the fact that UK organisations 
supporting the Passivhaus standard seem unwilling or unable to help bridge this gap 
through helping to support the translation of relevant German language research material 
or by employing staff with German language skills. The first quotation is from –a Passivhaus 
consultant and the second is from an engineer. 
‘I am a non-German speaker and the Passivhaus we are working on at the moment – 
the client is Dutch and he is a German speaker and he is using German contractors 
who are building Passivhauses and all the information that I require to certify the 
building is coming through in German’ - A - Passivhaus Consultant  
‘the fact that we haven’t even translated the stuff into English is why you need strong 
and coherent representation – because no one company is going to do that off their 
own back – like the Sustainable Design Foundation or the Passivhaus Trust – we need 
a body to translate the manuals then we might have some more examples’ - Y - 
Engineer 
The above respondent quotations could also help support the statement that ‘Passivhaus is 
well understood in the UK’ which is generally not agreed with. This is potentially due to lack 
of precedent and indigenous research but also the fact that the majority of research 
literature underpinning this standard is currently only available in German and thus difficult 
for stakeholders in the UK to access. 
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Legislation and Planning 
The statement ‘Our planning system supports the Passivhaus standard well’ is strongly 
linked to the statement ‘UK current legislation favours Passivhaus design’ this could be 
reflected in the stakeholder quotation about UK planning - 
‘our planning system supports the Passivhaus standard well – no it f***ing well 
doesn’t ... yes that is because I really feel strongly that because I am going through 
the planning process at the moment and I have seen in practice how the planners 
look at how well a building looks in keeping with its surrounding – and that seems to 
be the pre-eminent criteria and all other criteria seem to be... yeah – and not even 
whether they like it but whether it fits in with what is already there – so there doesn’t 
seem to be anything else that can weigh against that – if it doesn’t meet that criteria 
then nothing else really matters so it seems to be the tail that is swinging the cat’ - 
AA - Passivhaus Client / Passivhaus Designer 
The above statement demonstrates the frustration felt by an early pioneer Passivhaus 
client/Passivhaus Designer in the UK with the planning system which he feels favours the 
aesthetics of the building design and its potential to fit visually within the existing built 
environment context rather than its potential for efficient energy performance and 
innovation. 
Factor Three Summary 
This factor of opinion could be summarised by a feeling from the stakeholders that the UK 
construction industry has a short- term or ‘fast-buck’ approach to business that does not 
support innovation because it cannot afford to. This is combined with a perception that the 
UK planning infrastructure’s focus is away from building performance and energy 
performance and towards aesthetics, which does not potentially support the development 
of the Passivhaus standard in the UK.  There is also considerable weight of opinion within 
this factor suggesting that the Passivhaus standard is not generally well understood and 
needs stronger and more coherent representation in the UK. There is also some opinion that 
this representation is potentially being hindered by language barriers. 
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Factor Four – Representation, Comfort, ‘Fast-buck’ Mentality, Precedent and Skills 
Most agreed with Second most agreed with Second least agreed 
with 
Least agreed with 
(43)Passivhaus needs 
strong and coherent 
representation in the UK 
(2)Passivhaus offers good 
comfort for occupants 
 
(23)The UK construction 
industry has a ‘fast-buck’ 
mentality 
(1)The Passivhaus 
standard is well 
understood in the UK 
 
(15)The UK has many 
existing Passivhaus 
buildings to learn from 
(9)UK construction skills 
are appropriate to build 
Passivhaus designs 
 
The statement most agreed with in factor Four is that ‘(43) Passivhaus needs strong and 
coherent representation in the UK’ and the statement most disagreed with is ‘(9)UK 
construction skills are appropriate to build Passivhaus designs’. The statements following 
this that are most agreed with are ‘(2)Passivhaus offers good comfort for occupants’ and 
‘(23)The UK construction industry has a ‘fast-buck’ mentality’ with the statements ‘(1)The 
Passivhaus standard is well understood in the UK’ and ‘(15)The UK has many existing 
Passivhaus buildings to learn from’ as being the second most disagreed with.  
Representation, Comfort, ‘Fast-buck’ Mentality, Precedent Skills 
Representation of Passivhaus in the UK is a key defining opinion for this factor and this 
reflects sentiment expressed in other factors that the Passivhaus standard is not well 
represented in the UK. This is supported by the fact that there is currently a lack of 
precedent in the UK since there are few completed accredited projects.  The opinions next 
most disagreed with for this factor, are that ‘UK construction skills are appropriate to build 
Passivhaus designs’ and the statement ‘the UK construction industry has a ‘fast-buck’ 
mentality’. This last statement is also highly significant in Factor Three and the statement 
about comfort is of key significance for both Factors One and Two.  
Further stakeholder quotations to supplement those already used to reflect respondent 
opinion linked to the skills statement in Factor Three are given below. These statements 
help to support the thinking that there may currently be a lack of understanding of the skills 
required to build Passivhaus designs in the UK context. 
‘UK construction skills are appropriate, well they could be appropriate but they 
probably aren’t’ - B – Engineer/ independent Passivhaus Consultant and Trainer 
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‘UK construction skills – obviously I am not a contractor so I am not completely on the 
ground with construction skills but I think that more the issue about being able to do 
it is the detailing it is more to do with the quality than the skill – and attention to 
detail, maybe the way things happen is that people tend to do the least cost and the 
quickest so that is probably where it tends to lose out but I don’t think necessarily 
that the construction skills are at fault it is more what is driving them’ - T - Building 
Services Engineer 
 ‘these guys are really precious but we don’t seem to recognise it for some reason, 
particularly in this country I think and there is a question you have got in there about 
the skills and the skills aren’t there’ - BB - Passivhaus Client 
‘UK construction skills are appropriate to build Passivhaus designs – well they are not 
– we just don’t have the quality control on site – we don’t have builders who are used 
to careful detailing – so we definitely need change in skills training ‘ - FF - Higher 
Education Lecturer/Architect 
The above statements are significant because they show strong opinion in relation to 
contractor’s skills, especially concerning detail design as from the perspective of 
consultants. They seem to suggest that there is a perception that there may be a potential 
gulf of understanding and appreciation between different professions or ‘silos’ of expertise 
in the building design and construction industry. This is combined with a feeling that cost is 
more important than quality. These sentiments are further reflected in the following 
quotation, which also expresses concern about client knowledge and inclination to deliver a 
quality performance product for the long-term, which could be described as a ‘fast-buck’ 
mentality. 
‘In terms of trying to achieve a good end building performance my perception is that 
you need to pay a lot of attention to the basics and the detailing and I think that is 
something that there is not a lot of focus on generally in the professions – particularly 
in the architectural profession certainly in terms of energy performance – and just 
from my perception really and there is not really much encouragement from the 
clients either because it is more about how it looks and how it is going to sell – not 
necessarily about how it is going to perform in 8 years’ time – whether or not it was 
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robust and whether the seals were going to deteriorate or even be air-tight in the 
first place so I guess they are linked’- X -  Engineer 
Factor Four Summary 
The main opinion focus for this factor appears to be that the Passivhaus standard is 
currently not well represented in the UK and that the UK consulting and construction 
industries currently lack the skills that are required, for the delivery of Passivhaus buildings 
in the UK. This is particularly relevant to detail design. There is also an underlying opinion 
within this factor that UK procurement processes, which are perceived as being short-term 
and profit based, rather than aimed at delivery of quality of design, are also a hindrance to 
the delivery of Passivhaus buildings in the UK. 
Factor Five – Representation, Energy Performance, Fear of Low Air-Permeability, 
Financial Incentives, Precedent and Policy 
Most agreed with Second most agreed with Second least agreed 
with 
Least agreed with 
(43)Passivhaus needs 
strong and coherent 
representation in the UK 
(21)People associate low 
energy building with on-
site renewable energy 
technologies not fabric 
performance 
 
(34)People in the UK are 
frightened by the high 
degree of air-tightness 
associated with 
Passivhaus designs 
(5)There are financial 
incentives to build 
Passivhaus designs in the 
UK 
 
(15)The UK has many 
existing Passivhaus 
buildings to learn from 
(13)The Code for 
Sustainable Homes is a 
better standard than 
Passivhaus 
 
The statement most agreed with for this factor is ‘(43)Passivhaus needs strong and 
coherent representation in the UK’. This is followed by the statements, (21)People 
associate low energy building with on-site renewable energy technologies not fabric 
performance’ and ‘(34)People in the UK are frightened by the high degree of air-tightness 
associated with Passivhaus designs’ which were less strongly agreed with. The statement 
most strongly disagreed with was ‘(13)The Code for Sustainable Homes is a better standard 
than Passivhaus’ followed by the statements that were less strongly disagreed with -
‘(5)There are financial incentives to build Passivhaus designs in the UK’ and ‘(15)The UK 
has many existing Passivhaus buildings to learn from’.  
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Representation, Energy Performance, Fear of Low Air-Permeability, Financial Incentives, 
Precedent and Policy 
Again the statement relating to the representation of Passivhaus in the UK (which is also a 
strongly weighted statement of opinion for Factor Four) is important for this factor since it is 
about the statement relating to existing precedent. These two statements act to reinforce 
the perceived need for precedent as part of representation but also a feeling that 
representation of the Passivhaus standard appears to be lacking in the UK. 
The statement least agreed with for this factor is ‘The Code for Sustainable Homes is a 
better standard than Passivhaus’. This could be supported by the following statement from 
an accredited UK Passivhaus designer which seems to highlight a feeling of distrust with the 
current UK CSH design tool and an appreciation of the perceived technical rigour that 
relates to designing Passivhaus buildings using PHPP. 
‘…as for the Code for Sustainable Homes, whether it is better than Passivhaus – they 
are completely different in the gross respect – Passivhaus can tie in quite neatly with 
the Code but the Code does look at a broader array of subjects but it doesn’t really 
address enough subjects to be truly sustainable  and it also includes a lot of perverse 
incentives that are in doubt – whereas if you went through PHPP to look at primary 
energy to produce showers – the rainwater harvesting systems have a lot of parasitic 
energy loads associated with them which can be higher in the carbon emissions for 
mains water – so there are certain questions that can be asked about the tool in that 
way, which – so the argument for Passivhaus is one of rigour and not only a thing 
that may be covered by Passivhaus at the moment – but there is a certain 
philosophical approach to the rigour which I think could be widely adopted in the UK 
to the benefit of the country.’ - E - Architect / Certified Passivhaus Designer 
Air-Permeability and Performance 
The following quotation which is linked to air-permeability demonstrates the opinion of one 
stakeholder as to how he perceives those in Germany and Austria view the UK and its target 
for ‘zero carbon’ buildings in 2016 and 2019. 
‘they look on with bemusement – especially wondering what on earth we are doing – 
here we are people clearly incapable of building any Passivhauses – til last year or so 
- clearly incapable of meeting the air-tightness standards and here we are claiming to 
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do in 2016, we are going to have zero carbon homes – it is a joke – they think we are 
peculiar – and I think they are right – it is just not linked to reality at all’ - B - 
Engineer / Independent Passivhaus Consultant and Trainer 
This quotation is also of specific relevance when considering the fact that the air-
tightness/air-permeability targets that are required to meet current UK Building Regulations 
Part L 2010 is 10 m3/hr/m2 @ 50 pa with a best practice recommendation of 3 m3/hr/m2 but 
the requirement to meet the Passivhaus standard is 0.6 m3/hr/m2. Consultation surrounding 
the development of the Building Regulations Part L 2013 is however reviewing the reduction 
of air-permeability design targets of ‘3 m3/hr/m2’(CLG, 2012) 
A Passivhaus contractor describes a more enlightened approach to air-permeability testing 
but also the problems surrounding the training of contractors to build better air-tight 
buildings. The ability for contractors to consistently deliver high fabric performance and low 
air-permeability is considered to be a problem that is partly linked to the transient nature of 
construction teams -  
‘we have improved our air-tightness and one of the ways that we have done that is 
that when we are actually doing the air-testing, our guys watch – we get our 
carpenters to watch it and they have actually made changes based on site simply 
based on what they have picked up from seeing stuff, so they understand why you 
are doing it but if you didn’t have the continuity of staff you wouldn’t get that, you’d 
just have people there for a couple of months and then disappear off’ - JJ - 
Passivhaus Contractor 
A point brought up by an architect working for the UK Passivhaus Trust is that although all 
Passivhaus buildings are measured through on-site air-pressure testing, they are not all 
routinely monitored in terms of overall post-construction energy performance. There have 
however been large numbers of Passivhaus buildings that have been monitored for POE and 
energy performance inclusive of the 229 used as part of the CEPHEUS research and 
hundreds in Germany and Austria since CEPHEUS. (Keul, 2010a) 
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‘yes exactly – but there is air-tightness that is one measurement that they are taking 
– but in terms of gross energy use for electricity or gas – so that is an extra – it is an 
issue’ - D - Architect and Passivhaus Consultant 
 ‘yes because air-tightness is quite important and even small changes in that have 
quite big impacts – I don’t know if this is something that they have looked and say – 
if they match the air-tightness and haven’t completely messed something else up 
then – I guess that Matthias who is the German/EU database manager said well in 
5/10 years down the line this will be the standard and we will all be doing it so what 
will be the point – again quite optimistic – but I think we need to know at this stage 
what we are achieving’ - D - Passivhaus Consultant and Architect 
In relation to the above statements, the testing carried out as part of the Kranichstein 
housing and CEPHEUS programme has shown the importance of meeting the low air-
permeability requirements for Passivhaus energy savings and this is again supported by 
research carried out by Lowe (Lowe, 2000)in the UK. 
The above is a particularly resonant statement if considering many of the other stakeholder 
opinions surrounding UK construction skills and client integrity for the delivery of quality 
buildings, but also findings from Clarke and Herrmann (Clarke and Herrmann, 2004) about 
skills gaps between the quality of UK and German construction industry labour. 
Air-permeability and On-site Renewables 
Statements with strong weightings which do not make up the opinion matrix of the other 
four factors are ‘People associate low energy building performance with on-site renewable 
energy technologies not fabric performance’ and ‘People in the UK are frightened by the 
high degree of air-tightness associated with Passivhaus designs’.  
The following quotations from stakeholders are about issues of perception in relation to air-
tightness/air-permeability -   
‘yes because when you deal with planning the arguments from some people/ 
developers when you try and go for higher levels of air-tightness are – is ‘the biggest 
issue they face is summer overheating’ – so they think that people will suffocate’ - 
OO - London Planner 
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‘I don’t really think our clients are that bothered about it (air-tightness) – if you took 
a sensible approach you wouldn’t do it, you wouldn’t build to those levels because 
you should build what your client wants really’ - JJ - Passivhaus Contractor  
The above quotation also links back to general respondent feelings that it is the client who 
decides what to build and this choice is usually linked to capital cost as opposed to overall 
energy performance over the life of a building. The quotations also demonstrate perceived 
potential anxiety and a lack of understanding surrounding air-permeability and fabric design 
amongst clients and some construction industry protagonists. 
Financial Incentives 
In terms of the statement ‘There are financial incentives to build Passivhaus designs in the 
UK’, this could be supported by the following quotations from stakeholder interviews -  
‘I don’t know if there are financial incentives but there is not much financial incentive 
for low energy building schemes anyway’ - U - Engineer 
‘There are financial incentives to build Passivhaus designs in the UK – I think in terms 
of the life-cycle of the building and fuel costs but no other incentives that I can think 
of’ - P - Architect and Passivhaus Designer 
These quotations suggest a degree of confusion about the availability of financial incentives 
to build a Passivhaus in the UK. At the time of this research, no direct financial incentives 
were in existence. This is unlike the situation in Germany, (where many of Passivhaus 
developments have been constructed to date) where the KfW (Kreditanstalt für 
Wiederaufbau) Bankengruppe, now offers low interest loans to those constructing new low 
energy building or renovation projects. This includes for support of Passivhaus projects(PHI, 
2012b) 
In conjunction to this, it could be argued that accurate build or running costs associated 
with UK Passivhaus construction do not currently exist in sufficient quantity to provide 
guidance for all those wishing to build to the Passivhaus standard in the UK, or to help act as 
an incentive to build to the Passivhaus. 
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Factor Five Summary 
As with Factor Four, the main focus of opinion for this factor appears to be that the 
Passivhaus standard is currently not well represented in the UK. Other strong opinion from 
this factor relates to a potential frustration with the credibility of the existing low energy 
design standard the CSH to deliver very low energy or Passivhaus buildings in the UK. This 
factor of opinion also has a strong focus on perception relating to low levels of air-
permeability and the use of on-site renewable energy technologies. It seems that the belief 
is that these aspects of building design are not currently well understood or well delivered 
in the UK. This factor of opinion also focuses on the lack of financial incentives which are 
available to support Passivhaus and low energy building design standards in the UK. This is 
in contrast with availability of financial support in Germany which is demonstrated in the 
availability of low costs loans for the KlimaSolarHaus in the case studies and financial 
support for the development of the Kranichstein test housing and CEPHEUS programme. 
Summary of Interpretation of Factors  
 
To summarise the interpretation of all five factors it would appear that the respondent 
group believes that while Passivhaus buildings have the potential to perform well and offer 
high levels of comfort for occupants in the UK, the standard is not currently well 
represented or understood in the UK. It is also not currently well supported by relevant UK 
supply chains, procurement systems, skills, legislation, financial mechanisms, precedent or 
client or political will. The Passivhaus standard is at the very early stages of adoption in the 
UK and as such there is only limited design, construction and development experience 
precedent to learn from. 
At the end of undertaking this research, only 24 (Passivhaus Trust, n.d.) accredited 
Passivhaus buildings had been constructed, or were under construction in the UK, three of 
which have been included as case studies. The standard was at the earliest ‘Innovator’ stage 
of adoption and thus there was little in-depth indigenous knowledge about how to design 
and deliver buildings to this standard. While many of the respondents undertaking the Q-
tests were directly involved in the design and construction of these early Passivhaus 
projects, others had varying degrees of expertise surrounding the Passivhaus standard. 
Despite this their opinions, when ordered into factors start to present a snap-shot of the 
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group opinion as to the potential, barriers and opportunities surrounding the development 
and uptake of this innovation within this group in the UK.  
Despite the Passivhaus standard being new to the UK and at the earliest stages of adoption, 
those initially building to the standard appear to have successfully produced developments 
performing to the standard. Key areas of opinion that have been perceived as obstacles lie is 
in the field of communication, precedent, skills and costs. This not only relates to supportive 
representation of the standard in the UK, which could allow for clear explanations as to 
what a Passivhaus is, how it performs, how to cost and design and construct one, but also 
cross-industry and cultural communication for more mainstream parts of the UK consulting 
and construction industries.  
Much detailed research has been carried out into Passivhaus buildings constructed in 
mainland Europe. This research does not currently seem to be fully percolating the UK 
construction environment. This leaves UK Passivhaus stakeholders to learn for themselves, 
through trial and error, how to design and deliver Passivhaus projects. Likewise it is not 
apparent that much academic research carried out into UK low energy building projects is 
currently being successfully and consistently communicated to wider industry. In 
conjunction to this the opinions of this stakeholder group seem to suggest that there is 
some degree of mistrust of information that is being delivered to industry through current 
state/government mechanisms which is informing the nature and content of current UK 
Building Regulations and design standards such as the CSH. It also appears to be against 
rather than in conjunction with indigenous regulations, standards and planning mechanisms 
that those working with the Passivhaus Standard must currently deliver Passivhaus buildings 
in the UK. Although there is some apparent scope for integration, which has been 
highlighted in the case study examples. 
Overall the picture presented by these factors of opinion from UK Passivhaus innovators/ 
pioneers, is of a group with variable knowledge about the Passivhaus standard working 
against current UK systems. The aim to deliver a product that they believe will work, mostly 
based on evidence from other European countries, but this product is currently not well 
supported by the incumbent construction industry environment in the UK.  
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These factors of opinion represent those from a small group but they may be relevant to the 
wider construction industry since they could start to act as a pot of distilled information 
which might indicate areas which are potential barriers or opportunities surrounding the 
uptake of this new technology/innovation in the UK on a wider scale. This premise would 
however have to be tested with further research, especially when considering the fact that 
separate groups in the chain of innovation may react in different ways, as highlighted in 
research in the book ‘Crossing the Chasm’ by Moore (Moore, 2007). 
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Comparison between Q-Methodology Opinion Factors and Passivhaus Case Studies 
 
 
The conclusions from the case study research were that all of the case studies chosen are 
pioneering and exemplar buildings. Great care has been taken by each of the procurement, 
design and construction groups to ensure that the developments are a success. It is also 
evident that additional costs were incurred (or were offset by cheap/free land) by all but 
one of the five projects. These costs were mostly attributed to the learning curves 
associated with the development of early Passivhaus projects, but correlate with findings 
from early and recent German developments that understand that projects, will on average, 
cost more than normal build standard developments (PHI, 2012b). In the case of the UK, 
additional construction costs were also associated with the lack of availability of indigenous 
component parts such as UK manufactured Passivhaus accredited MVHR units or windows.  
The projects have all been well received by clients and occupants but there have been 
learning curves associated with understanding how to live in and operate these buildings. In 
all cases designers, occupants and residents have had to learn how to negotiate the use of 
MVHR which has been a new or relatively new technology for all. They have also needed to 
take a more active role in maintaining their own thermal comfort by remembering to close 
windows or use sun-shading as appropriate. 
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Q-Factors compared with Case Studies 
 
The summaries from the five key factors of opinion drawn from the Q-methodology analysis 
have been extracted from the Q-Methodology Results chapter and are use here to make a 
direct comparison with results from the individual case studies. 
Factor One – Comfort, Climate, MVHR and SAP 
Factor One 
Summary 
Comfort, 
Climate, MVHR 
and SAP 
 In summary the significant opinions defining this factor seem to focus on 
a belief in the capacity for the Passivhaus standard to deliver high levels of 
indoor comfort, but with doubt being cast on the competencies and 
understanding from the UK consulting and construction industries to 
deliver adequate fabric performance and the necessary MVHR design and 
installation for this to be realised on a consistent basis in the UK. This is in 
part supported by recent research from the Netherlands and potentially 
by some of the findings of the German POE case studies included in this 
thesis. The issues relating to delivery of fabric performance and MVHR 
installation are also supported by recent academic research undertaken in 
the UK by Oxford Brookes and Leeds Metropolitan Universities (cited 
above) and the of findings from examination of projects at the BRE 
Innovation Park. 
This factor also focuses on the differences between PHPP and SAP and the 
belief by respondents that SAP is not able to deliver the accuracy of 
calculation required for very low energy ‘Passivhaus ‘ buildings in the 
same way that PHPP can, despite some reflection on the difficulty that 
some designers have when using PHPP. 
 
Canolfan 
Hyddgen 
This project has been well received by its client and occupants and has 
been shown to perform in accordance with design intentions. Key issues 
raised by the architect concerning the construction of this building were 
that it was essential to maintain quality control of the construction detail 
to ensure meeting the Passivhaus standard. This was achieved through 
the appointment of specific individuals on site who were directly 
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responsible to oversee this and supervise the continuity of the air-
tightness barrier. This type of approach to design is recommended by the 
PHI in Darmstadt and supported by their research which has informed 
their Protokollband 18 (Feist et al., 2008). Recent research undertaken by 
Leeds Metropolitan University into the Stamford Brook project (Wingfield 
et al., 2007) and feedback from analysis of feedback from developments 
at the BRE Innovation Park have shown that attention to design and 
construction detail are vital for the delivery of low energy homes (Gaze et 
al., 2008). 
The architect for this development had trouble convincing the German 
manufacturers of the MVHR units to supply them for this project because 
they were worried about the competencies of the UK construction team 
to install them correctly (Williamson, 2012). The architect also had to 
carry out much of the PHPP calculations and undertaken some of the 
mechanical and electrical design of this building at risk because of the UK 
engineer’s unwillingness to work with a non-UK design standard and new 
approaches to design. 
The Larch 
House 
The architect for the Larch House chose to specifically employ German 
contractors to come and train Welsh contractors how to construct and 
install key component parts of the house so that it would meet the 
Passivhaus standard. This included the windows. The architect also 
located the MVHR unit in an accessible cupboard on the ground floor and 
has provided additional occupant instructions as to how to use this and 
other systems in the house. These have been provided on a poster for 
clarity.  
The Denby Dale 
House 
This house was successfully constructed by a small team of local builders, 
but with detailed supervision by both the architect and key consultants 
inclusive of members of the Green Building Store who have seen this as a 
landmark project for their business. Care was therefore taken to deliver 
an accurate and functional development.  
The client occupants of the house have noted that they have had to learn 
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to live with the new systems such as MVHR and have commented that it 
would be useful for future developments if there was some kind of 
occupant manual available in order to help them do this and to 
understand living in the house. The occupants expressed a high degree of 
satisfaction with comfort levels in this building. 
St. Jakob’s The majority of the feedback from this case study is drawn from occupant 
experience as opposed to feedback from design and construction 
processes. Occupant feedback tells us that the occupant group were 
involved with the project prior to the design and construction of the 
building and are now involved in operating and maintaining it. Early 
occupant engagement meant that occupants learnt about the processes 
needed to operate the building from the earliest stages. They were 
therefore aware of the parameters surrounding the operation of the 
MVHR systems when they moved in. Nonetheless some learning curves 
were associated with overall operation of the dwellings in order to 
maintain optimum thermal comfort. All residents interviewed expressed a 
high degree of satisfaction with comfort levels in their flats. 
KlimaSolarHaus As with the case study above, the majority of the feedback from this case 
study is drawn from occupant’s experience as opposed to feedback from 
design and construction processes. Also as with the above project, the 
occupants were involved from the earliest stages of the project prior to 
its design and construction. The occupants were therefore aware of the 
parameters surrounding the operation of the MVHR and other systems 
when they moved in and are partly responsible for maintaining these. 
They did however experience some early problems when understanding 
how to live with and operate the whole-house MVHR system. All the 
residents interviewed expressed a high degree of satisfaction with 
comfort levels in this building. 
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Factor One - Case Study Comparison Conclusions 
In summary, opinions represented by Factor One in relation to Passivhaus buildings having 
the potential to offer a high degree of comfort for occupants seem to have a basis in actual 
feedback from residents of the case studies. There also seems to be some basis for truth in 
the opinions about construction competencies and the need for them to be of a high 
standard to deliver Passivhaus buildings. The doubts about existing UK construction 
competencies are reflected in findings from academic research in the UK (Clarke and 
Herrmann, 2007)and research undertaken by the IEE (IEE, 2006). The quality control of the 
design and construction processes, particularly in relation to air-tightness and thermal 
bridge details, but also with the design, installation and understanding of the operation of 
the MVHR system appear to be essential for the successful delivery of Passivhaus buildings. 
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Factor Two – Comfort, Energy Performance, Supply Chain, Ambition and Precedent 
Factor Two  
Summary 
Comfort, 
Energy 
Performance, 
Supply Chain, 
Ambition and 
Precedent 
 
 This factor of opinion can be summarised, as with the factor One, in a 
stakeholder belief in the ability of Passivhaus building to deliver comfort in 
the UK. Although there are many examples of accredited Passivhaus 
buildings in Germany and Austria that have been shown to deliver high 
levels of comfort, questions do exist around issues of indoor air-quality, 
and overall indoor air-quality which may be contingent on the quality of 
MVHR installation together with overall issues relating to the acoustic 
characteristics of a Passivhaus building and the potential for MVHR to 
create noise irritation if incorrectly installed. There is however concern 
within this factor of opinion about the availability of precedent in terms of 
finished Passivhaus buildings in the UK for designers, contractors and 
potential occupants to learn from. This is a warranted concern since there 
are currently only a small number of completed accredited Passivhaus 
buildings in the UK. This is also supported by strong opinion, and the 
findings from the UK case studies, that the UK does not currently 
manufacture enough Passivhaus certified components to provide an 
adequate indigenous supply chain for successful delivery of Passivhaus 
buildings on a larger scale. 
 
Canolfan 
Hyddgen 
The client and occupants of the Canolfan Hyddgen have expressed a high 
degree of satisfaction with their building and recorded temperature 
readings have remained within designed comfort levels. The architect for 
this project used non-UK manufactured Passivhaus components such as 
the MVHR units and windows due to a lack of availability of appropriate 
UK components at the time of construction. 
The Larch 
House 
There is currently no occupant feedback from this house. The architect 
specified non-UK manufactured key Passivhaus components such as 
MVHR unit and windows due to lack of availability of such products in the 
UK at the time of construction. The architect has since been working to 
develop UK manufactured Passivhaus windows and who helped influence 
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the WAG to support the development of Welsh manufactured high 
efficiency MVHR units. 
The Denby Dale 
House 
According to the case study in this thesis, a high level of occupancy 
satisfaction and comfort has been recorded for this project. The designers 
of this house specified non-UK manufactured key Passivhaus components 
due to lack of availability of suitable products at the time of design and 
construction of this house. It was not possible to obtain a small enough 
boiler as required to meet the low heat loads. The occupants have had to 
learn to live in their new house and noted that for future projects it 
would be a good idea if some kind of operating instructions were 
available. 
St. Jakob’s Feedback from interviews with residents of this development have shown 
a high degree of satisfaction with comfort levels, but that occupants had 
to learn how to operate their flats/building in order to optimise these. 
Some issues were also noted with dry quality of indoor air. Key 
Passivhaus components were available from German and other EU 
manufacturers. 
KlimaSolarHaus Feedback from interviews with residents of this development have shown 
a high degree of satisfaction with comfort levels, but that occupants had 
to learn how to operate their flats/building in order to optimise these, 
this included for understanding how to work with the central MVHR 
system and other central plant systems. Key Passivhaus components were 
available from German and other EU manufacturers. 
Factor 2 Case Study Comparison Conclusions 
The opinion expressed by Factor Two that Passivhaus buildings offer good comfort for 
occupants seems to be grounded in some reality when examining the feedback from 
occupants of the case studies. Some issues were however observed in relation to dry quality 
of indoor air and acoustics. All the case studies are located in different geographic regions 
with different climates. The developments are also built in a variety of construction types. 
This appears to show that the Passivhaus standard is potentially appropriate for different 
climatic regions within the UK and Germany.  
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Significantly occupants have had to learn how to operate their buildings to achieve optimum 
indoor thermal comfort levels. 
While German supply chains for Passivhaus products have already been developed, current 
UK supply chains appear to be embryonic. The construction of these early accredited 
Passivhaus projects in the UK does however seem to be working as a catalyst for the 
development of some accredited Passivhaus products in the UK. 
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Factor Three – Short-Termism (‘fast-buck’ mentality), Representation, Ambition, 
Legislation and Planning  
Factor 3 
Summary 
 Short-Termism 
(‘fast-buck’ 
mentality), 
Representation, 
Ambition, 
Legislation and 
Planning  
 
 This factor of opinion could be summarised by a feeling from the 
stakeholders that the UK construction industry has a short- term or ‘fast-
buck’ approach to business that does not support innovation because it 
cannot afford to. This is combined with a perception that the UK planning 
infrastructure’s focus is away from building performance and energy 
performance and towards aesthetics, which does not potentially support 
the development of the Passivhaus standard in the UK.  There is also 
considerable weight of opinion within this factor suggesting that the 
Passivhaus standard is not generally well understood and needs stronger 
and more coherent representation in the UK. There is also some opinion 
that this representation is potentially being hindered by language 
barriers. 
 
Canolfan 
Hyddgen 
The Canolfan Hyddgen was the first accredited Passivhaus building in the 
UK and required trust from PCC with the architect and design team that 
the delivered product would perform as anticipated. The mechanical and 
electrical engineers for the project were reluctant to undertake some of 
the design work for the project since some of the installation was not 
within their usual competencies or consistent with typical UK design 
approaches and legislation. One key element of feedback from the 
architect relates to the complexity of having to innovate within the 
context of the existing Local Authority fixed procurement systems. 
Despite these factors the client and architect were willing to adopt and 
were supportive of the Passivhaus standard as an innovation in this case. 
The Larch 
House 
The Larch House was specifically built in response to a WAG competition. 
This meant that both WAG and the housing association client were 
supportive of this new innovative type of building standard and willing to 
allow for experimentation. Likewise BRE Wales who were also involved 
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with the project from the earliest stages were also supportive of the 
project. Both WAG and BRE have seen the Larch House as a potential 
catalyst for the development of low energy housing and the associated 
supply chains and skills needed to deliver this in Wales. 
At the time of construction the Larch House the Passivhaus standard was 
not well understood in Wales or the UK but, through delivery of this 
project now offers precedent for and better understanding of the 
standard. 
The Denby Dale 
House 
The Denby Dale Passivhaus was built using the typical UK cavity wall 
construction. This was in part to prove that it is possible to build to the 
Passivhaus standard using this construction method (which is typical in 
the UK), but also to appease planners who wanted to see a house that 
was aesthetically in keeping with the local surroundings. The 
client/occupants put trust in the design and construction team to deliver 
an affordable retirement home for themselves. This house was 
constructed by a private client using local builders and not main stream 
house builders who could have used such an exemplar as an R+D exercise 
to further their business concerns. 
St. Jakob’s At the time of construction few if any of the current occupants of the St. 
Jakob’s development had any idea what a Passivhaus was. The project 
was supported through the provision of cheap rental land on a 100 year 
lease from the Church. They were recruited via a newspaper 
advertisement and educated about Passivhaus design during the 
procurement process. Passivhaus is now the regulatory build standard for 
all new public buildings in Frankfurt. 
KlimaSolarHaus At the time of construction few if any of the current occupants of the 
KlimaSolarHaus development had any idea what a Passivhaus was. They 
were recruited via a newspaper advertisement and educated about 
Passivhaus design during the procurement process. Unlike all the UK case 
studies this development received direct financial support from the 
German Government via a low cost loan from the KfW bank for part of 
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the project costs. 
Factor Three - Case Study Comparison Conclusions 
The UK case studies seem to demonstrate a scenario where individuals and local 
government have been willing to take risks to support innovation research and 
development of Passivhaus projects, but this has been against some existing procurement 
systems, as demonstrated in the Canolfan Hyddgen project.  
It is however of interest that most of those involved in this specific innovation process have 
been small sized organisations as opposed to larger UK contractors or consultants. The two 
Welsh projects were however supported by the regional government WAG. 
While it is clear that all the UK Passivhaus projects are pioneer projects, they were 
successfully delivered by stakeholders who had little or no prior experience of Passivhaus 
design and construction. The success of these projects appears to demonstrate that, despite 
an opinion from the results of the Q-tests that the UK construction industry has a ‘fast-buck’ 
mentality, there are some within this industry who do not conform to this premise. 
However the opinion about a ‘fast-buck’ mentality may be relevant when examining the 
findings of tests undertaken at the BRE Innovation Park on developments constructed by 
larger firms of contractors which is supported by research from Oxford Brookes University 
and BRE previously cited. 
It is also clear that at the time of procurement of both the German projects that the 
Passivhaus standard was not well understood by general members of the public in either 
Frankfurt or Berlin. Since this time the Passivhaus standard has been adopted by the City of 
Frankfurt for all new public housing (Laible, 2010a) 
 
 
 
 
 
 
 
 
247 
 
Factor Four – Representation, Comfort, ‘Fast-buck’ Mentality, Precedent and Skills 
Factor Four 
Summary 
 Representation 
Comfort, ‘Fast-
buck’ Mentality, 
Precedent and 
Skills 
 
The main opinion focus for this factor or opinion appears to be that the 
Passivhaus standard is currently not well represented in the UK and that 
the UK consulting and construction industries currently lack the skills that 
are required,(particularly in attention to detail), for the delivery of 
Passivhaus buildings in the UK. There is also an underlying opinion within 
this factor that UK procurement processes, which are perceived as being 
short-term profit based as opposed to aimed at quality of design delivery 
and are therefore a hindrance to the delivery of Passivhaus buildings in 
the UK. 
 
Canolfan 
Hyddgen 
The Canolfan Hyddgen was the first accredited Passivhaus building in the 
UK. Prior to this some examples of similar super-insulated buildings have 
been constructed in the UK from the 1970’s. While there are now at least 
three key organisations representing the Passivhaus standard in the UK, 
the standard exists outside the mainstream and or Building Regulations 
and Legislation. This Passivhaus development was supported by local and 
regional government in Wales, but delivered by a small architecture 
practice and mostly local contractors and consultants. The client for this 
building has procured it for the long-term, rather than for re-sale. 
The architect paid special attention to the detailing of this project 
particularly in relation to the air-tightness barrier. 
The Larch 
House 
As with the Canolfan Hyddgen this Passivhaus development was 
supported by local and regional government in Wales, but delivered by a 
small architecture practice and mostly local contractors and consultants. 
This house is owned by a housing association for the long-term - it will be 
rented to tenants in the future. 
As mentioned previously, the architect chose to employ some German 
contractors to teach the local Welsh contractors how to install key 
Passivhaus components such as windows. 
The Denby Dale 
House 
As with both the above Passivhaus developments this was supported by 
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local and regional government, but delivered by a small architecture 
practice and local contractors and consultants. This house has been built 
as a retirement home for the occupants who intend to stay there for a 
long period of time. 
St. Jakob’s This project was delivered by experienced Passivhaus architects and 
contractors with those in Frankfurt learning from expertise gained 
working in other German states. The occupants bought into this 
development for the long-term as opposed to short-term profit. 
KlimaSolarHaus This project was delivered by experienced Passivhaus architects and 
contractors with those in Berlin learning from expertise gained in other 
German states. The occupants bought into this development for the long-
term as opposed to short-term profit. 
 
Factor Four - Case Study Comparison Conclusions 
This factor of opinion focuses on representation and skills as major issues currently affecting 
the uptake of the Passivhaus standard in the UK, but with these issues having roots in short-
termist approaches in the UK building design and construction industries. This could be 
supported by evidence from study of the recent housing developments at the BRE 
Innovation Park but has also been a recurrent theme in Government reports about the 
construction industry over the past 20-30 years, such as the Egan Report (Egan, 1998) etc. 
All the UK case studies were delivered by small architects, consultant and construction 
teams who took risks to deliver these projects. It is again interesting to note that these 
successful projects were not delivered by larger consultants or contractors as was the case 
with the experimental super insulated CSH housing built at the BRE Innovation Park.  
Metering and monitoring of the UK Passivhaus case studies seems to show that the projects 
are performing well in comparison to design intentions whereas many of the projects at the 
BRE Innovation Park seem to have fallen short in terms of either cost or performance. 
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Factor Five – Representation, Energy Performance, Fear of Low Air-Permeability, Financial 
Incentives, Precedent and Policy 
Factor Five 
Summary 
Representation, 
Energy 
Performance, 
Fear of Low Air-
Permeability, 
Financial 
Incentives, 
Precedent and 
Policy 
 
 
As with Factor Four, the main focus of opinion for this factor appears to 
be that the Passivhaus standard is currently not well represented in the 
UK. Other strong opinion from this factor relates to a potential frustration 
with the credibility of the existing low energy design standard the CSH to 
deliver very low energy or Passivhaus buildings in the UK. This factor of 
opinion also has a strong focus on perception relating to low levels of air-
permeability and the use of on-site renewable energy technologies as it 
seems that the belief is that these aspects of building design are not 
currently well understood or delivered in the UK. This factor of opinion 
also focuses on the lack of financial incentives which are available to 
support Passivhaus and low energy building design standards in the UK. 
This is in contrast with availability of financial support in Germany which 
is demonstrated in the example of the KlimaSolarHaus in the case studies 
 
Canolfan 
Hyddgen 
This development was built to both the Passivhaus standard and BREEAM 
Excellent and at no apparent extra cost in comparison to only meeting 
the requirements of BREEAM Excellent. Its overall performance to date 
appears also to be saving the client money through running costs. It can 
therefore be concluded that the Passivhaus standard can be compatible 
with existing UK legislation. Extra work is however required to prove 
compliance with both standards. 
An area where incompatibilities can be noted are into the requirements 
for meeting UK Building Regulations Part F for ventilation, which requires 
higher ventilation rates than those required to meet the Passivhaus 
standard. 
The Larch 
House 
This house was designed to meet the requirements of the Passivhaus 
standard and the CSH Level 6. It therefore shows that these two 
standards can potentially be compatible. Extra work and therefore cost 
was however required to prove compliance with both standards. 
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The Denby Dale 
House 
This house was only designed to meet the requirements of the Passivhaus 
standard. When examined against criteria to meet the requirements of 
the CSH it only reached Level 3 of 6 Levels, despite having a higher fabric 
performance than would generally be associated with meeting this level 
of the CSH. Reasons for not gaining a higher CSH Level are linked to its 
lack of on-site renewable energy technologies. 
St. Jakob’s This building was constructed on land leased by the church and has 
formed part of the precedent influencing the requirement that all new 
public housing in Frankfurt is built to the Passivhaus standard. 
KlimaSolarHaus This building was constructed with German government support through 
a low interest loan from the KfW Bank. 
Factor Five - Case Study Comparison Conclusions 
The core opinions  from this factor have similarities to those of Factor Four in the belief that 
the Passivhaus standard is not currently well represented in the UK. The other key opinion 
for this factor is that the Passivhaus standard is better than the CSH. If this is reviewed in 
relation to findings from the UK case studies, it can be seen that there is apparently 
potential for the CSH and the BREEAM standard (which is the equivalent standard to the 
CSH but for non-domestic buildings) to work together in parallel with Passivhaus despite the 
fact that they deal with a different palette assessment mechanisms. The Passivhaus 
standard concentrates on fabric and energy performance whereas the CSH and BREEAM 
cover other areas of sustainability assessment such as materials and water use in 
conjunction with the requirement for on-site renewable energy technologies. However, 
findings from the Denby Dale Passivhaus case study potentially begin to show discrepancies 
between the CSH and the Passivhaus standard in their requirements to prove overall 
building and energy performance with a high reliance being placed on the use of on-site 
renewable energy technologies in the case of the CSH. 
If however UK buildings are to be delivered to both CSH or BREEAM and the Passivhaus 
standard concurrently, this incurs extra costs since the processes and calculation methods 
used to achieve each are different with both currently having to be undertaken as separate 
assessments.  
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In conjunction with this, the current UK requirements to meet both Building Regulations 
Part L and F are not necessarily specifically compatible with the Passivhaus standard.  This is 
particularly relevant to the requirements to meet Part F which are for higher levels of 
ventilation for non-domestic buildings than is required to meet the Passivhaus standard. In 
addition to this there is opinion founded in research that the energy assessment tool SAP 
which is used for both Part L and CSH compliance is not currently sensitive enough in many 
areas to deliver buildings designed to the Passivhaus standard (AECB, 2008) 
This factor of opinion also focuses on a lack of current UK financial incentives to support 
new low energy building innovations such as the Passivhaus standard. While no similar 
funding mechanism from a bank like the KfW currently exist in the UK, a degree of support 
has been given to two of the UK Passivhaus case studies through the WAG. Similar support 
has not been apparent in other UK regions at the time of this research. 
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Discussion 
 
‘Unless we know the tools, we cannot possibly control them nor begin to sense the 
limits and possibilities out of which solutions can emerge.’ Robertson Ward (Herbert, 
1984) 
When examining the findings from the Q-analysis in combination with the case studies and 
the Passivhaus history, the general themes of process, protocol, cost ,representation, supply 
and understanding of specific technologies (such as MVHR) start to emerge as consistent.  
These themes may  hold some of the keys to understanding  both the barriers to the 
development of and potential opportunities surrounding the evolution of the Passivhaus 
standard in the UK. 
An examinatinon of the history of the development of the Passivhaus standard shows us 
that a carefully researched and managed process has been integral to the development of 
the Passivhaus standard in Germany. For example, the CEPHEUS programme which allowed 
for the development of prototypes, inclusive of feed-back from the testing of projects and 
inhabited buildings, has not only produced valuable research data but led to the successful 
evolution of the Passivhaus standard and supporting industries and social and technological 
infrastructure and clusters in Germany and the EU. This gradual but staged process has been 
successful in delivering a final or near ‘closed’ innovation whereas similar but unco-
ordinated and less structured research developments of super insulated buildings in the UK 
have not (to date) resulted in the same. This is despite the production of recent valuable 
research findings from developments such as the BRE Innovation Park and others. 
The key factors of opinion from the Q-analysis (listed below)  also highlight major themes 
surrounding the understanding of specific technical processes and technologies, the barriers 
of incumbent systems and short-termist ‘Fast-Buck’ mentality of the UK construction 
industry combined with a lack of representation for the Passivhaus standard in the UK. The 
themes however demonstrate a belief by the Q-test protagonists that the Passivhaus 
standard is a viable design standard for the UK and has the potential to deliver high levels of 
comfort and energy performance in UK buildings.  
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Q-analysis Factors of Opinion 
 Comfort, Climate, MVHR and SAP 
 Comfort, Energy Performance, Supply Chain, Ambition and Precedent 
 Short-Termism (‘fast-buck’ mentality) , Representation, Ambition, Legislation and 
Planning  
 Representation ,Comfort, ‘Fast-buck’ Mentality, Precedent and Skills 
 Representation, Energy Performance, Fear of Low Air-Permeability, Financial 
Incentives, Precedent and Policy 
 
These factors of opinion and their interpretation only present a ‘snap-shot’ picture of 
opinions from an innovator group but start to outline some of the key issues that potentially 
need to be addressed if the Passivhaus standard is to be successfully developed as a design 
standard in the UK, both with innovators and within the mainstream construction culture.  
Although the factors represent opinions from a small group involved at the earliest stages of 
development of the Passivhaus standard in the UK, and the number of architectural case 
studies used is small, an understanding of  the premise surrounding Q-methodology 
research (Stephenson, 1936) (Stephenson, 1935)and the findings of Flyvberg (Flyvberg, 
2006) in relation to case studies, tell us that the key factors of opinion from the Q-
methodology analysis combined with issues encountered in the architectural case studies 
are of value in themselves. They also have the potential to reflect significant issues and 
themes that will probably also be relevant to later adopters of the Passivhaus standard in 
the UK, and/or those wishing to work with the Passivhaus standard in the UK. 
It is possible that these experiences and opinions may also be similar to those held by a 
comparable innovator group in Germany in the early 1990’s, when the Passivhaus standard 
was first being developed there, and also potentially to groups in other countries or 
communities. This would however have to be tested as part of further research.  
Since the initial development of the Passivhaus standard in Germany, the standard has 
progressed to a later stage of adoption than in the UK with an estimated excess of 30,000 
Passivhaus buildings having been constructed, (PHI and iPHA, n.d.). The Passivhaus standard 
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has also become a main building design standard for major cities in Germany, such as 
Frankfurt, (Laible, 2010a) and acted as an impetus supporting clusters of industries ,skills 
and innovations in specific areas. Despite the fact that it has moved from the innovator to 
the early adopter stage of development, it is still only a minority build standard in Germany 
and has taken in excess of twenty years to reach this stage of development. 
It may be useful as part of further research to explicitly examine the processes which 
enabled the standard to develop to this level in Germany and other EU countries, but it 
would also be useful to understand and communicate findings from this process to enable a 
more rapid transfer of knowledge between countries where the standard is further 
advanced than in the UK. It may also prove useful and fruitful to explicitly examine the 
relevant legislative and cultural environment that has enabled this development in 
Germany. It could be argued that the  successful development of the Passivhaus  standard in 
Germany has been a result of a supportive evolutionary environment for this type of 
innovation as represented by the framework demonstrated by Speirs et al (Speirs et al., 
2008a). 
Process and Innovation  
Examination of the findings from the case studies  and Q-analysis feedback about the 
innovation processes outlined at the beginning of this research, may lead to the conclusion 
that many of the environmental structures described by Speirs et al (Speirs et al., 2008a) 
and Rogers (Rogers, 2003) as being necessary for the successful development of an 
innovation, are not currently in place to support the development of the Passivhaus 
standard in the UK.  
Specific  areas where support for innovation is shown to be different between the UK and 
Germany are in workforce skills as argued by Clarke and Herrmann (Clarke and Herrmann, 
2004) who show that the UK has a less well trained construction industry base than 
Germany. Passivhaus also appears to be less well supported financially, for example from 
financial institutions such as the German state KfW bank, but also from legislation in the 
form of planning and building design regulations (which, unlike in Frankfurt or other 
European regions such as Vorarlberg in Austria (IgPassivhaus, 2013)) are not directly 
orientated towards the Passivhaus standard in the UK. There is also a lack of market 
accessibility to Passivhaus certified products in the UK combined with mainstream 
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acknowledgement of Passivhaus as a viable build standard. Currently the UK mainstream 
construction industry works with UK Building Regulations combined with the CSH and 
BREEAM. UK construction industry structure also does not a currently support a developed 
indigenous Passivhaus supply chain. This is demonstrated from the findings of the case 
studies, for example when architects had to develop their own products such as Passivhaus 
standard windows or import key components and expertise from abroad to deliver their 
projects. 
Despite the fact that innovator pioneers have successfully delivered Passivhaus projects in 
the UK, (as demonstrated in the three UK case studies), recent research conducted by BRE 
and Leeds Metropolitan University raises concerns surrounding skills shortages in the wider 
construction  industry  ranging from client understanding through to site labour and even 
sales delivery teams. When referring to the development of highly and super insulated, near 
Passivhaus standard test housing at the BRE Innovation Park in Watford, BRE have stated 
that –  
‘All those building on the BRE Innovation Park recognised the need to address skills 
shortages in the industry. Design, site supervision and sales will all need to develop 
new skills to deliver these energy efficient dwellings to end users. Designers need to 
understand what to specify and which design combinations work best. Site 
supervisors will need to become project managers. Sales representatives will need to 
be able to explain technical information and data to buyers and how to use their new 
homes.’ (Gaze et al., 2008) 
These recommendations are supported in the report ‘Low Carbon Housing: Lessons from 
Elm Tree Mews’ (Bell et al., 2010) produced by Leeds Metropolitan University for the Joseph 
Rowntree Foundation from November 2010. They are complemented with further 
recommendations surrounding procurement and working methods. This report cites key 
lessons learnt from the project as being –  
‘Procurement – housing providers need to take more interest in energy and carbon 
performance of homes and in ensuring that claims made by designers, 
contractors/developers and suppliers are supported by robust evidence. 
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Design – Design processes should be improved to: increase the robustness of detailed 
design, including thermal calculations; focus on as-constructed performance, taking 
into account component interactions in both fabric and services systems; give more 
consideration to the needs of households and provide resident friendly controls. 
Construction – Construction processes need to be improved so that: construction 
operations and sequences are planned in more detail and include in-production 
testing; changes during construction are closely controlled to ensure that 
performance is not compromised; the commissioning of services is more robust, 
ensuring that expected efficiencies and other operational parameters are 
realised.’(Bell et al., 2010) 
In conjunction to the above, the report recommends that -  
‘Developers and landlords should give more attention to the provision of meaningful 
guidance and support for residents.’ (Bell et al., 2010) 
In the report ‘Lessons from Stamford Brook’ produced by Leeds Metropolitan University and 
UCL, a large number of issues were raised as needing to be addressed to enable the delivery 
of low and zero carbon housing , these could be extended to include for the potential 
delivery of Passivhaus standard homes and buildings. Findings from this report include that 
the following changes to general construction protocol are needed -  
‘Rethinking the construction process, changes to the current Building Regulations, 
changes to the CSH, attention to buildability, the current UK supply chains, 
communication and overall process improvement and control.’ (Wingfield et al., 
2007) 
Of these issues, communication and project co-ordination can be noted as areas requiring 
considerable improvement in the construction process, particularly for the delivery of good 
thermal performance or energy performance of a building, but also the building fabric 
design- 
‘It is clear that there is considerable scope for improvement in the flow of information 
affecting thermal performance both upwards and downwards throughout the 
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organisations involved whether developer, designer, subcontractor or trade. Very 
often design information affecting thermal performance was not available, not at the 
right level of detail, confusing or just not referred to by operatives. This led to a 
rather diffuse process as operatives followed their own judgement based on their 
trade skills and knowledge rather than using detailed design information.’ (Wingfield 
et al., 2007) 
Therefore a lack of understanding of the processes surrounding the delivery of low energy 
buildings and/or the type of new design principles that may be associated with the delivery 
of the Passivhaus or ‘zero carbon’ buildings may be subverted if not correctly adhered to. 
This may have the potential result of the construction of developments which do not in 
practice meet the low energy criteria to which they were designed. 
A symposium held at Westminster University on 05 November 2010 highlighted 
construction skills but also weak legislatory frameworks, fragmented industry structures and 
processes but also industry cynicism surrounding low energy building design as a key areas 
of concern when considering the delivery of the UK ‘zero carbon’ targets. The symposium 
titled ‘Skills needs and barriers to zero emissions construction’ and included presentations by 
industry stakeholders involved in the production of and training for delivery of low energy 
buildings. A key presentation at this symposium was made by Linda Clarke of Westminster 
University who argued that – 
‘...a critical hindrance to the adoption of zero emissions construction is the problems 
associated with Vocational Education and Training (VET) and framing skills in UK 
construction. … construction VET in the UK is typified by a weak statutory framework, 
marginalisation of stakeholder interest, fragmented nature of skills sets, minimal 
underpinning knowledge, and functional skills provision rather than broad-based 
education’ (Clarke, 2010) 
Robin Nicholson  a Director from architects Edward Cullinan Architects and Chair of the Zero 
Carbon Task Force also conceded that  
258 
 
‘… there remained a fundamental problem of ‘silo-working’ derived from the way 
professionals are currently being educated and suggested that there are insufficient 
numbers of environmental engineers being educated.’ (Clarke, 2010) 
Richard Clarke who is the National Apprenticeships Officer at UNITE union maintained that 
there was a need to –  
‘co-ordinate rigorous and robust training provision and to institute contract 
compliance with regard to this’ (Clarke, 2010) 
Richard Clarke was also concerned about the overall fragmented nature of current training 
provision. He felt that many product manufacturers are currently emerging simply to – 
  ‘profit from the low carbon and sustainability rhetoric’. (Clarke, 2010) 
A further seminar that was held on the topic of ‘Skills for the Green Economy’ hosted by the 
Westminster Energy, Environment and Transport Forum at the College of Physicians on 21st 
October 2010, outlined the need to provide unprecedented levels of training to ‘up-skill’ our 
current workforce (Hames, 2010), if we are to meet the requirements of ‘zero carbon’ 
buildings targets and our national mandatory CO2 reduction targets. 
Also according to the Royal Academy of Engineering -  
‘Put bluntly, there are not sufficient of the brightest and best entering a career in the 
design of buildings as a system, and the systems within a building...small but 
important changes to the way engineering is taught can inspire the brightest and 
best to enter that field, and to become the inspirational leaders needed for the 
future. A key ingredient is to overcome the lack of people who can teach at 
undergraduate and postgraduate level in that field.’ -  Richard Haryott (RAE, 2010) 
The Passivhaus standard is at the very earliest stages of innovation in the UK with only a few 
finished accredited examples to act as precedent. Protagonists from the innovator group 
who participated in this research are however beginning to work to develop a UK Passivhaus 
culture and have shown that, even despite incumbent UK construction industry culture it is 
possible to deliver Passivhaus buildings in the UK. They have also shown the potential to 
deliver them at the same price as buildings designed using UK Building Regulations and 
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design standards such as BREEAM. The emergence of a Passivhaus culture in the UK can be 
seen with the development of the Passivhaus Trust and research and communication work 
that is currently being conducted by the Good Homes Alliance (GHA). They GHA  are 
supporting  the growth of a community of low energy house builders including those 
building to the Passivhaus standard (GHA, 2012). 
Industries manufacturing Passivhaus products such as windows (as demonstrated in the 
case of Bere architects Passivhaus homes at Ebbw Vale in Wales) are also beginning to 
develop. If however these products and the future development of Passivhaus dwellings are 
to progress beyond the innovator community and into early adopter communities and to 
the mainstream, it will be necessary to stimulate a Passivhaus social and technological 
infrastructure and cultures. This must be combined with consumer demand so that 
Passivhaus is perceived as a desirable product by more mainstream protagonists and 
customers. This could partly be achieved through demonstration of products, such as 
finished buildings and the communication of precedent, but also through strategic skills 
training and education specifically targeted at individual groups within construction. Most 
importantly it should also be supported through legislation demanding the relevant 
increased standards in building fabric performance and testing. A failure to support this 
stimulation of demand and develop appropriate innovation strategies through financial, 
technical and social mechanisms that enable education and skills training, is likely to hinder 
the development of the Passivhaus standard and potentially lead to market failure or 
stagnation. 
Complexity and Legislation 
The UK is currently on a policy trajectory to deliver ‘zero carbon’ homes and non-domestic 
buildings, however original deadlines to achieve this are in dispute as is the definition of 
‘zero carbon’. This is despite copius work undertaken by the ZCH to provide an acceptable 
definition for legislators and the design and construction industry. 
In conjunction with this changes in political landscape that have occurred after the most 
recent general election in the UK in 2010 have led to some industry concerns about 
continued government support for policy and mechanisms to deliver very low energy 
building designs.   Shortly after the UK general election Grant Schapps, the Housing Minister 
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announced changes to housing policy with the launch of a statement at the National House 
Building Council on 25 November 2010 that -   
‘Housing Minister Grant Schapps today announced the scrapping of new proposals 
that could have cost developers thousands of pounds extra to build new homes, and 
pledged an overhaul of the complicated building standards that make it hard for 
developers to complete their projects. The Government will not introduce a new set 
of building standards that were proposed for many of the new homes built with 
Government funding or on public sector land, which would have cost developers an 
extra £8000 for every home.’ (CLG, 2010) 
This resulted in some feelings of confusion in the construction industry when trying to 
understand new design parameters as emphasised in the editorial piece from the CIBSE 
Journal from April 2011 when Bob Cervi wrote –  
‘...a document published alongside the Budget details revealed an apparently 
significant backtracking by the government on its commitment to make all new 
homes ‘zero carbon’ from 2016. Although the details are not fully clear at the time of 
writing, it seems that ministers have effectively watered down the whole definition of 
‘zero carbon’ by explicitly ruling out a household’s use of everyday plug-in electrical 
appliances from the scope of the Building Regulations. Why? We can only assume 
that ministers are yet again kow-towing to the house building lobby – and thereby 
undermining Chancellor Osborne’s claim to being the ‘greenest ever’.’ (Cervi, 2011) 
It is possible that the removal of household appliance electrical design loads from the 
Building regulations may lead to cases of overheating in newly designed buildings that have 
to comply with more stringent fabric performance standards. This is because the loads and 
associated heat emissions from these will not be accounted for in designs. It may also act to 
remove a facility for better understanding of energy use in the home and overall national 
energy demand requirements.  
The Passivhaus standard specifically stipulates a limit for Primary Energy design for a 
building so as to work to limit a building’s overall energy use, but also to impact on loads for 
space heating.  A legislative move to exclude these electrical loads for domestic appliances 
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could work to deliver a message to the industry that these loads are not significant or 
important in a building’s design when they are actually relevant to understanding the 
precise levels of design detail required for the delivery of Passivhaus and ‘zero carbon’ 
buildings and need to be taken into account when designing with the Passivhaus Planning 
Package (PHPP). 
Since the comments from Bob Cervi from 2011 the UK government has started to deliver 
intentions for in proposed changes to UK building regulations in 2013, these included –  
 ‘Deregulation and streamline wherever possible; 
 Regulate only when essential and after all other approaches rejected; 
 Deliver policies which support the desires of the greenest government ever; 
and 
 Further improve compliance’ (Davies, 2012) 
Whatever these policy intentions will actually entail, it may be argued that the final 
resolution of the debates and a progression towards the/an agreed ‘zero carbon’ target 
requires a shift from the current paradigms towards a more rationalised and common 
solution. One that is workable as part of a consistent UK and European energy strategy, 
especially if the UK is to meet its 2050 80% carbon reduction targets (DECC, 2008). 
It is clear from the above and the case studies that negotiating the legislatory interface 
parameters that are required to build to the Passivhaus standard in the UK add to the 
complexity of the delivery process. This is especially relevant if there are requirements for a 
Passivhaus building to also comply with the CSH or BREEAM.  
The UK case studies show that it is possible for buildings to be designed to comply with dual 
standards but that this adds cost and complexity. It is also difficult to directly compare 
design compliance because of the different structures for adherence and the different 
energy calculation softwares that are used to meet each standard. SAP the UK design 
software for the CSH and SBEM which is used for BREEAM and UK Building Regulation 
compliance, aim for example, to show building energy design compliance with carbon/CO2 
as the dominant metric. The focus of PHPP is energy design in kilo-Watt hours per square 
meter. SAP also does not allow for the same level of sensitivity of design of many features as 
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PHPP, for example over-shading (therefore solar gain) from windows among many other 
factors.  Other important differences include the use of German DIN Standard (now EU 
Norm) measurement methodologies for Passivhaus design as opposed to UK methods when 
measuring building floor areas and fabric design depth. This different approach to 
measurement is not necessarily complex to understand but is differet to the normal UK 
approach and has the potential to add confusion to calculation procedure, especially when 
UK building design and construction industry professionals are currently accustomed to UK 
measurement methodologies and criteria. 
Of importance is the fact that the Passivhaus standard is currently relatively little known in 
the UK and is a foreign and foreign language standard (despite English language software 
being available). This means that there is currently limited support such as helpdesk support 
for the standard and PHPP in the UK. It also means that many construction industry 
protagonists inclusive of planning authorities do not currently understand the Passivhaus 
standard and  may not have the appropriate skills to support it, especially if they may 
already been struggling with recent indigenous legislation as described in an article in the 
architecture magazine Building Design dated February 16 2007 – 
‘An exclusive BD survey has revealed a planning system in meltdown, with two out of 
three local authorities not ready to deliver the green homes promised by 
government.  
Just six weeks before the introduction of key legislation, the findings show huge 
inconsistencies across the country, alarming gaps in knowledge and skills and a 
feeling of impotence among planners, many of whom call for stronger guidance from 
central government’  
Evolution and Development 
A strong component part of the opinion from the Q-analysis focuses on representation or a 
perception that the Passivhaus standard needs stronger representation in the UK and that 
there needs to be greater precedent and numbers of examples in the UK to learn from. 
Findings from research conducted as part of the Innovation chapter of this thesis suggests 
that learning is often best conducted between those from similar community groups, peer 
groups or cultures (Gladwell, 2001b) thus this would infer that those learning about the 
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Passivhaus standard in the UK might most successfully learn from indigenous UK projects 
and examples. 
Since the start of this research in 2008, the number of accredited Passivhaus buildings in the 
UK has progressed from none to more than 24 and there are many more non-accredited 
examples and other developments currently in progress. These can potentially provide a 
palette for research and dissemination of understanding and help to increase awareness of 
the Passivhaus standard in the UK, particularly if consistent strategies are employed to 
disseminate findings and research information from these projects. A greater number of 
completed projects also have the potential to stimulate manufacturers towards R+D 
development and the production of UK Passivhaus certified components, especially if they 
start to see a market for these new products. Of importance for manufacturers is the 
existence of the certification process for the Passivhaus standard and components. This 
means that there are understood design parameters to which Passivhaus products must 
perform.  This helps to creates certainty for manufacturers, customers, clients and insurers 
together with maintenance and facilities management providers and acts as the basis of a 
consistent QA (Quality Assurance) process. Likewise with a growing number of finished 
projects, potential clients and occupants have better opportunities to gain first had 
experience of Passivhaus buildings but also to understand that purchasing an accredited 
product can be understood to reliably perform to specific criteria.  
The experience of Passivhaus in Europe provides a large body of evidence to substantiate 
actual performance of Passivhaus buildings and the findings from the CEPHEUS trials. The 
case studies included in this research show how, if designed and constructed in accordance 
with the specific requirements that Passivhaus buildings can perform well against designed 
energy performance criteria in use. This EU research has included  for that recently carried 
out by Dr. Alexander G.Keul of the University of Salzburg, Department of Psychology within 
the framework of NaMap for Vienna’s ‘Residential Research Organisation’ (Keul, 
2010b)(Trebesberg, 2009) in which POE/user-satisfaction surveys were carried out with 425 
residents of Passivhaus private and social housing flats in Vienna. The occupants returned 
225 surveys of which one hundred and fifty-six houses and apartments in Vienna were used 
as a statistical baseline for the research. Much of this research concluded positive user 
satisfaction and comfort levels in measured dwellings; however it must also be noted that 
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some user dissatisfaction was also documented. Likewise some user dissatisfaction was 
noted in the responses from the occupants of the two German case studies in relation to 
noise from MVHR installation. The exceptional thermal insulation of the Passivhaus 
buildings also leads to them being exceptionally acoustically sealed, with external noise 
penetration being reduced to very low levels. This fact was remarked upon by the residents 
of the KlimaSolarHaus in Berlin, but also from residents from the St. Jakob’s project in 
Frankfurt. An acoustically sealed environment may be of advantage in busy inner city areas 
but could be an issue of concern for some occupants with acoustic contact to the external 
environment being blocked during times of the year when windows are routinely closed. 
It is important to note that failure to construct Passivhaus buildings to specified levels of 
quality has the potential to result in the delivery of buildings that fail or do not perform 
reliably. This may result to inhibit interest in this standard and reduce market or mainstream 
confidence. When referring to the delivery of Passivhaus buildings, this would include for 
the accurate design and construction of all details and technologies such as MVHR. Of 
particular relevance to this theme is recent research conducted in the Netherlands into the 
installation and use of mechanical ventilation (which is a constituent part of Passivhaus 
design in the form of MVHR) in new dwellings. This has shown much negative satisfaction 
from occupants relating to this type of technology particularly in relation to poor indoor air-
quality and poor quality installations.  Balvers et al (Balvers et al., 2012)conclude that – 
 
‘In recent years nearly all newly built dwellings in the Netherlands have been 
equipped with mechanical ventilation systems. However many occupants of newly 
built Dutch homes seem to be bothered with draught heat, poor indoor air quality 
and lack of personal control of ventilation systems’ (Balvers et al., 2012) 
 
Therefore any representation and communication of  the Passivhaus standard in the UK 
needs to include for a greater understanding of relevant positive as well as negative 
examples and installations of technologies and construction design and implementation. 
Such representation also needs to include for feedback from overall construction processes 
and targeted dissemination of skills in the form of training and education to all parts of the 
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building design and delivery teams and feed-back systems, but also importantly to 
Passivhaus occupants and consumers. Of note here is that the success of the two German 
Passivhaus case studies used as part of this thesis can largely be attributed to high levels of 
occupant understanding  and ‘buy-in’ to their Passivhaus projects. This is also reflected in 
the Denby Dale Passivhaus case study in the UK. 
Additional Themes 
The main focus of the findings from this research encompass the need for UK construction 
industry cultural change and the development of a specific Passivhaus culture and 
understanding of technologies such as MVHR, if the Passivhaus standard is to successfully 
develop in the UK.  
Some key issues have not however been specifically covered as part of this research. For 
example all the case study projects and associated supporting UK research into low energy 
building design and delivery, together with the key factors of opinion from the Q-
methodology research, focus on the design and delivery of new buildings. The majority of 
UK energy use in the built environment is however associated with existing buildings with 
the UK having a high proportion of old building stock. For example, according to ‘The English 
Housing Survey Housing Stock Report 2008’ (DCLG, 2010) England has just over 21%  of 
homes built before 1919 and just under 38% built prior to 1945 (DCLG, 2010). The 
importance and difficulty of refurbishing the UK existing  housing stock to higher levels of 
energy efficiency, let alone to the Passivhaus standard, is discussed by Gavin Killip in his 
report ‘Transforming the UK’s Existing Housing Stock’ (Killip, 2008) for the Environmental 
Change Institute at Oxford University. The complexity and potential associated cost of 
refurbishment projects may act to deter the development of the Passivhaus Enerphit 
refurbishment standard for many existing buildings in the UK. This may also draw policy 
emphasis away from low energy building design and refurbishment towards delivery of 
other energy infrastructure mechanisms and solutions to achieve UK mandated carbon 
reductions. This however needs to be tested as part of further research. 
In addition to this other themes not covered are the potential that the development of new 
technologies may have to positively influence the evolution of the Passivhaus standard in 
the UK. For example, within the realm of MMC such technologies such as 3D printing 
amongst others, together with domestic energy monitoring and control systems may have 
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the ability to support and speed up the delivery of the Passivhaus standard by facilitating 
better quality control and delivery of consistently designed products and design 
performance.  Again, the impacts of new technologies on the development of the 
Passivhaus design in the UK would have to be tested as part of further research. 
Another area not covered as part of the Q-methodology research or within the case studies 
relates to issues such as the typical size of new housing in the UK in comparison with other 
EU countries such as Germany or Scaninavian countries. According to research conducted by 
Rebecca Roberts-Hughes on behalf of the Royal Institute of British Architects (RIBA) in 2011  
in her report ‘The Case for Space: The Size of England’s New Homes’(Roberts-Hughes, 2011) 
the UK has the smallest new build housing in Western Europe. 
‘Through analysis of EU housing statistics in 2005, Policy Exchange and Localis found 
that new homes in the UK not only appeared to be shrinking, but were also the 
smallest in Western Europe. Consumers in Ireland could expect new homes to be 15% 
bigger, in the Netherlands they were 53% bigger and in Denmark, the average newly 
built home was 80% bigger than in the UK’ (Roberts-Hughes, 2011) 
Designing to the Passivhaus standard potentially starts to become more complicated for 
smaller dwellings since while overall heat loads including those from appliances and other 
casual load gains can remain consistent in relation to occupant lifestyle and use, they can 
become relatively speaking higher per square meter, if they have to be contained within a 
smaller space/volume.  
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Conclusions 
 
Despite the fact that the development of super insulated building design has its roots in the 
US, Canada and the UK over the past seventy years, this innovation has progressed further 
towards ‘closure’ in Germany in the 1990s with the development of the Passivhaus 
standard. This standard has developed in Germany, Scandinavia and mainland Europe 
through an early managed research process including POE monitoring and testing of 
inhabited projects.  At the time of writing this thesis this process has extended over 
approximately twenty-two years was continuing to evolve and grow.  
The process has allowed for the evolution of the standard, the recording of performance 
evidence and data and the development of entire Passivhaus technology clusters inclusive 
of skills, training, manufacturing industries and supply chains to support them. This 
evolutionary process of development has been possible through combined ‘top-down’ and 
‘bottom-up’ dissemination processand has incorporated strategies involving the 
development of a Passivhaus movement and integration of stakeholders supporting specific 
product dissemination. 
In the UK, despite growing numbers of examples, the Passivhaus standard is currently at the 
very early stages of innovator adoption and there are currently only approximately twenty 
four finished accredited examples (number recorded at the time of this research). This 
number is however ever increasing as the standard gains wider support. The UK case studies 
used as part of this research show that it is possible to successfully build to the Passivhaus 
standard, currently at least, on a small scale in the UK. 
In parts of Germany and other EU countries such as Austria and Belgium the Passivhaus 
standard is now moving beyond the innovator  stage of development and into early adopter 
and mainstream phases as it begins to be adopted as the regional build standard in many 
areas, for example in Frankfurt am Main where all new public housing must be built to the 
Passivhaus standard (Laible, 2010a). It can be argued that this has been the result of the 
managed development of the standard from small scale installations towards larger regional 
policy adoption. 
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There are currently more than about thirty thousand examples of Passivhaus buildings in 
mainland Europe (at the time of this research), predominantly in German speaking 
countries. Despite this growing number of developments, Passivhaus buildings still only 
make up a small proportion of all new build developments and the standard is not yet 
‘mainstream’. The number of developments is however rapidly growing due to increasing 
political, legislative and consumer support. 
Small Innovators  
In the UK, despite the involvement of large house building companies with exemplar low 
energy housing developments such as at the BRE Innovation Park, it has initially been 
individual innovative pioneers and not large mainstream UK construction businesses that 
have successfully delivered the first accredited examples of Passivhaus buildings. These 
small pioneers have taken steps and the risks to develop Passivhaus buildings and new 
products and skills to support the standard, when most large UK construction organisations 
have not. The small innovators have arguably paved the way for larger organisations to 
continue this development beyond the innovation stage of product evolution. A question 
that could be asked is why the larger organisations have not initially carried out the 
necessary research to develop buildings to this standard in the UK for themselves, or why 
they have apparently (at least partly) failed to learn how to deliver similar low energy 
buildings from previous examples of low energy super insulated buildings/dwellings in the 
UK? Perhaps this could potentially be linked to a lack of structured communication and/or 
dissemination methods employed by government bodies which could have provided this 
type of information?  Further research would however have to be carried out to understand 
this. 
Government Support  
It must however be noted that the UK case studies used for this research were only possible 
because of some support from local government in the areas where they are situated. This 
type of support does not currently appear to be consistent throughout the UK and no 
specific financial aid mechanisms were provided to specifically support building to the 
Passivhaus standard. According to at least one of the Q-test respondents, the support of 
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local government for the development of Passivhaus buildings has even sometimes been 
quite negative. 
Climate 
The early UK Passivhaus case studies used in this research demonstrate that it is possible to 
build to the Passivhaus standard in the UK in different climatic regions. The German case 
studies also demonstrate the applicability of the Passivhaus standard for different climatic 
regions in Germany. Successful Passivhaus developments have also been built elsewhere in 
the EU and other countries with different types of climate zones such as in Japan, Italy and 
the US.  
Skills  
The case studies also demonstrate that it is possible to build to the Passivhaus standard in 
the UK using a variety of construction methods and using local contractors and designers. 
But there is still wide concern about the general quality of UK construction and design skills 
if the Passivhaus standard is to be delivered on a wider basis and by the mainstream 
construction industry. This is demonstrated in recent academic research conducted into the 
performance of low energy housing at Elm Tree Mews (Bell et al., 2010) and Stamford Brook 
(Wingfield et al., 2007) in conjunction with testing carried out at the BRE Innovation Park 
(Gaze et al., 2008) (Gaze, 2008) (Gaze and Clift, 2008) (Gaze et al., 2008). This highlights 
skills gaps in the mainstream construction industry which may hinder the successful delivery 
of low energy/super insulated housing in the UK. This is in part supported by the findings 
from the UK Passivhaus case studies which demonstrate that the delivery of a successful 
product requires a greater attention to design, detail and quality assurance than is 
frequently currently observed in much of the construction industry in the UK. This correlates 
with the assumptions made by the IEE in 2006, that construction skills are indeed a potential 
barrier to the uptake of the Passivhaus standard in the UK (IEE, 2006). 
Current UK Legislation and Planning  
The UK Passivhaus case studies demonstrate that it is possible to deliver new build 
Passivhaus projects on a small scale in the UK despite incumbent legislation and standards 
which do not fully support the Passivhaus standard. If it is considered desirable to adopt the 
Passivhaus standard as a build standard in the UK, these case studies positively demonstrate 
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that there is potential to combine the Passivhaus standard with indigenous UK legislation 
and standards. This is despite the requirements for compliance with UK standards and the 
Passivhaus standard being considerably different. The Passivhaus standard focuses on 
energy performance design criteria measured primarily in kWh and with fabric designed to 
very low levels of air-permeability, no thermal bridges and a requirement for MVHR. In 
comparison UK legislation uses carbon as a main compliance metric with less stringent 
requirements for fabric performance and air-permeability, it also employs the CSH (which is 
used alongside UK Building Regulations)  and which places a greater stress on the use a suite 
of sustainability factors inclusive of materials and renewable energy technologies for 
compliance.  
Findings from interpretation of the Q-factors reflects the opinions of early Passivhaus 
innovators in the UK that the Passivhaus standard is not currently well supported by UK 
design, planning and procurement systems and that a lack of UK precedent is inhibiting the 
understanding of the Passivhaus standard in the UK. Since these Q-tests were undertaken, 
the number of Passivhaus developments has increased together with awareness of the 
Passivhaus standard in the UK. This shows that with the enough motivation and positive 
intentions it is possible to deliver Passivhaus projects in the UK even despite the existing 
legislative environment. But unless the standard gains wider political support, it will 
probably only to continue to exist amongst pioneers and enthusiasts or innovators. 
MVHR  
Other factors of opinion from the stakeholder group focus on a lack of understanding of 
design, installation and operation of MVHR. This is also supported by wider UK research and 
that recently conducted in the Netherlands which emphasises a need for greater 
understanding of mechanical ventilation technologies, if they are to be more widely used 
and accepted, particularly as part of domestic building design. Of relevance to this are the 
findings from the German case studies which show that occupants of these developments 
have had to learn to live in their Passivhaus homes and that this has included learning to 
understand how to operate their MVHR systems and control thermal comfort via 
appropriate opening and closing of windows and use of solar shading. In conjunction with 
this some questions have been raised about the quality of MVHR installation and acoustic 
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and/or indoor air-quality problems that may be associated with incorrect, non-maintained 
or poorly understood installations. These issues are demonstrated in some UK and European 
projects that have either employed MVHR or mechanical ventilation. This is reflected in 
recent research undertaken in the Netherlands from van Hall (van Hal, 2000),van der Pluijm 
(van der Pluijm, 2010) and Balvers et al (Balvers et al., 2012). 
Products  
The findings from the UK case studies demonstrate gaps in the market for provision of 
appropriate components to support the Passivhaus standard and low energy building 
design. This means that those currently wishing to build to the Passivhaus standard in the 
UK may need to import products from the EU at extra expense. The lack of indigenous 
certified component parts available may also potentially indicate an associated lack of skills 
to support the installation of such components. This could be represented by the fact that 
Bere architects employed German manufacturers to demonstrate the installation of their 
Passivhaus certified windows to a Welsh construction team at Ebbw Vale (Lynch, 2011a) but 
also the findings from the study of a Passivhaus refurbishment Enerphit project undertaken 
by Orbit Housing, presented by John Barnham at an event hosted by the GHA at UCL on 26th 
April 2012 (Barnham, 2012). This demonstrated a need to use German Passivhaus 
components combined with technical maintenance support from German manufacturers 
and contractors for success of their project. 
Research  
In conjunction with this it is apparent that there is an increasing and significant body of 
research surrounding the Passivhaus standard, components and Passivhaus developments 
around the world which is not currently permeating the mainstream UK construction 
industry. This means that UK industry is currently not generally learning from this research, 
despite some individuals gaining insights from it. This thesis also argues that the UK 
construction industry has not widely learnt from indigenous research carried out over the 
last decades into low energy building design, with communication of this research often 
being unstructured or fragmented. It also suggests that the adoption of the EPBD (which 
stimulated the development of the CSH and evolution of UK Building Regulations Parts L and 
F) has worked to trigger most recent changes in legislation and design standards in the UK 
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aimed at supporting low energy building design inclusive of, a revival in interest for super 
insulated building design and uptake of the Passivhaus standard by some.  
A lack of learning from past low energy super insulated buildings in the UK means that 
without ‘up-skilling’, much of the UK construction industry may not currently be best placed 
to successfully deliver the low energy/carbon buildings required for ‘zero carbon’ targets. 
The UK case studies do however show that there is the potential to learn how to do this. 
This could take considerable time, considering the apparent scale of training and 
understanding required and the current lack of provision for this. How such skills training 
could be provided would have to be understood as part of further research. 
Some of this ‘skills learning curve’ could however potentially be compensated for with the 
use of new innovative off-site, MMC (Modern Methods of Construction) technologies, with 
specific components or entire buildings being designed and constructed in factories. Again 
such potential would have to be tested with further research. 
Cost  
The UK Passivhaus case studies have shown that it is currently possible to deliver a 
Passivhaus and UK legislation compliance building, as demonstrated in the Canolfan 
Hyddgen, for  the equivalent price to a building constructed only to UK BREEAM Excellent 
requirements. The other two UK case studies were however delivered at extra capital cost. 
This is consistent with general findings from early German Passivhaus buildings and those 
being constructed in Germany and other parts of Europe today.  
Cost uplift in the UK and elsewhere is generally attributed to additional R+D and the 
learning curves associated with the design and construction together with a lack of 
indigenous UK Passivhaus components. Extra costs were also associated with extra care 
needed on site to deliver the more exacting fabric performance and the processes 
surrounding design compliance with dual standards where applied. 
The uplift in capital cost largely correlates with findings from the Passivhaus Institut in 
Darmstadt when considering the development of Passivhaus projects in mainland Europe, 
but does not take into consideration the potential savings through reduced energy use over 
time and whole life costing. Capital costs are however a specific issue, especially if building 
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‘first-time’ Passivhaus projects in cities with high land costs such as London. This has been 
demonstrated in the German case studies in Frankfurt and Berlin, where these costs were 
offset and the projects were in part possible due to ‘support’ in terms of low or subsidised 
land costs. 
Performance  
The Passivhaus standard has a substantial proven record of performance, mostly from 
developments in mainland Europe. This is demonstrated in extensive POE research from 
inhabited projects, with methodologies employed that have often been more expansive 
than those used to test similar low energy buildings in the UK, for example the exemplar 
super insulated CSH dwellings at the BRE Innovation Park, which informed the development 
of the UK CSH and Building Regulations and further iterations of the CSH post 2006. Further 
POE research and monitoring of CSH housing is however being conducted as part of the 
Technology Strategy Board (TSB), Building Performance Evaluation Programme (BPEP) with 
the aim of this being used to feedback into future UK building design legislation. 
Zero Carbon  
This research suggests that the Passivhaus standard has the potential to offer an 
appropriate solution to meet UK ‘zero carbon’ building targets, especially considering its 
proven performance which includes for research that argues that building to the Passivhaus 
standard using MVHR has been shown to be less carbon intensive than building to the same 
fabric performance but using natural ventilation (AECB, 2009). This is assuming for the fact 
that Passivhaus fabric performance specifications are met and MVHR is correctly designed 
and installed. This is relevant when comparing the Passivhaus standard to the CSH since the 
air-permeability and fabric design targets for high levels of the CSH are not as robustly 
consistent as for the Passivhaus standard. This could result in unintended energy in use for 
buildings designed to CSH levels of performance.  
 
Building to the Passivhaus standard could present a cost effective option for the delivery of 
the basis of ‘zero carbon’ buildings since cost uplift for the delivery of a Passivhaus project 
does not appear to exceed current estimates of about 15% for the delivery of a CSH level 5 
home as demonstrated in research conducted by the GHA for the CLG (DCLG, 2009). Use of 
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the Passivhaus standard for the delivery of ‘zero carbon’ homes would allow for energy 
loads to be reduced to a minimum prior to the integration or interface with renewable 
energy technologies as appropriate and viable. This would however have to depend upon 
government support to clarify strategic target parameters and frameworks for the delivery 
of ‘zero carbon’ buildings. 
 
Development  
The growth in development of the Passivhaus standard in Germany and the EU is working to 
stimulate the development of supporting industries and skills and the manufacture of 
Passivhaus certified components. It is also potentially working to stimulate quality assurance 
in construction, since the processes surrounding the delivery of a Passivhaus building 
demand special care and attention to details and greater team co-operation than might 
normally be associated with much traditional building procurement. 
The response of and feedback from occupants and consumers will be of great importance if 
the Passivhaus standard is to successfully develop in the UK, according to Cole et al (Cole et 
al., 2010) 
‘Inhabitants are recognised as one of the best instruments for measuring housing 
performance, even if they are hard to calibrate’ (Cole et al., 2010) 
Despite the recent development of TSB BPE programmes, according to Stevenson and 
Leaman in the Journal Building Research and Information Editorial; Evaluating Housing 
Performance in Relation to Human Behaviour: New Challenges -  
‘Curiously, there are currently no UK government policy requirements for POE 
as part of its strategy to reduce carbon emissions in housing. This means that 
little real feedback exists on how housing is performing during occupation, 
which makes it difficult to ascertain whether targets are being achieved in 
reality, whether the design, procurement, and management strategies are 
actually working and whether occupants are actually reducing their demands 
and expectations (particularly in relation to so-called ‘efficiency gains’) 
(Leaman and Stevenson) 
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Feedback from building occupants can be vital to gaining an understanding of how a 
building functions. In addition to this feedback from the design and construction processes, 
together with energy and environmental monitoring also need to be provided for a true 
evaluation of the success of a building and the processes surrounding its delivery. It is 
frequently the human and management processes, rather than technologies in themselves 
that can lead to failures in a procurement system, during design, construction and/or 
maintenance. 
This is demonstrated in research undertaken by Anke van Hal  into a number of European 
low energy housing projects, documented in ‘Beyond the Demonstration Project: The 
Diffusion of Environmental Innovations in Housing (van Hal, 2000) these findings argue for a 
need for strong clear and co-ordinated project organisation and management processes if 
developments are to be a success. This includes for participation of relevant stakeholders, 
(inclusive of occupants), at the earliest appropriate stages in the project design, but also 
appropriate levels of background research, adequate finance and clear networks and 
structures of communication. The following excerpt from van Hal’s research refers to some 
experiences surrounding the integration of different stakeholders in a housing project and 
the importance of their early involvement but also some of the ‘political’ issues that can 
arise as part of such a process-   
  
‘The importance of early involvement is apparent, also by the fact that the 
utilities companies sent in their own electricians too late, which makes 
complications of the chosen system not recognised early enough. However, 
early involvement of all parties can also have disadvantages. In this case the 
voice of the residents was so well arranged that apparently these became 
indignant when (detailed) decisions were made without them’ (van Hal, 2000) 
The research work of van Hal also correlates with findings from Balvers et al (Balvers et al., 
2012) in their review of mechanical ventilation in recently built dwellings in the Netherlands. 
This research refers to the importance of process and communication for the successful 
delivery of designs that include mechanical ventilation strategies. It also concludes that 
there needs to be a greater understanding of how mechanical ventilation technologies are 
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designed, installed and used by occupants if they are to be effective in mainstream housing 
developments.  This is particularly relevant to installations in refurbishment projects which 
by their nature are complex and idiosyncratic due to the varying design and condition of 
existing buildings. This is demonstrated in the findings of the UK DCLG in their report ‘The 
Retrofit Challenge: Delivering Low Carbon Buildings’ (Stafford et al., 2011) – 
‘Each house is different, so there is no ‘one size fits all’ solution: householders and 
building users have different attitudes to, and understanding of, energy efficiency. 
Installers do not all have the necessary skills to fit more advanced energy efficiency 
and renewable energy measures’ (Stafford et al., 2011) 
It would be useful to consider these findings and those from Leaman and Stevenson and van 
Hals if the Passivhaus standard is to progress to wider dissemination in the UK.  
To conclude, the findings from the small number of UK case studies show that it is possible 
to successfully build to the Passivhaus standard in the UK in different climatic locations and 
using different construction types. These case studies act as a precedent to prove the 
viability of Passivhaus construction in the UK.  There are however many cultural and socio-
technological issues, inclusive of the provision of skills and development of QA and 
management processes that need to be provided and resolved if the standard is to progress 
beyond the early innovator stage of adoption and into the mainstream. 
Findings from the Dutch case studies from Balvers et al and additional UK research together 
with the findings from the Q-analysis draw attention to specific design issues inclusive of an 
understanding of design and installation and use of mechanical ventilation/MVHR as being 
key weaknesses that need to be addressed if the Passivhaus standard is to be successfully 
delivered to a wider market. 
Development of the standard would also be well supported through greater communication 
with countries such as Germany where the standard is better developed and learning from 
the lessons of early developments in these countries where evolution of the standard has 
focused on the development of the standard from the small local to the larger scale. Also of 
importance would be a greater understanding of innovation processes as outlined by Rogers 
(Rogers, 2003) Speirs (Speirs et al., 2008b), Foxon (Foxon et al., 2005b) and Brand (Brand, 
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2005) that show the importance of an awareness and implementation of ‘whole system 
thinking’ for success. This would include for the social integration of new innovations from 
both ‘top-down’, ‘bottom-up’ and product dissemination perspectives combined with the 
implementation of R+D and testing strategies and appropriate financial support 
mechanisms.  This ‘whole system thinking’ could include for monitoring and POE of 
buildings, the use of case studies as precedent and the assessment of project management 
and construction processes. These could all have the ability to provide invaluable feedback 
that can potentially help to deliver successful future projects and prevent costly design and 
construction mistakes. 
The results of testing of many Passivhaus projects in Germany and mainland Europe 
including the findings from the CEPHEUS programme and the two German case studies used 
in this research show that the Passivhaus standard has the potential to consistently deliver 
very low energy performance buildings. If the Passivhaus standard is however to form the 
basis of ‘zero carbon’ buildings in the UK as Passivhaus supporters in this country believe 
and the UK case studies in this thesis show the potential for, then cultures to support the 
standard needs to be developed in the UK.  
The beginnings of such a ‘Passivhaus culture’ are beginning to emerge but this would need 
to evolve considerably to include for the development of skills training, education and 
awareness across the entire construction industry together with increased awareness and 
understanding from consumers, if the standard is to be more widely adopted. In this respect 
the German case studies may show potential approaches to occupant/consumer 
engagement that could potentially be replicated in the UK as the standard progresses here. 
Likewise much could be learnt from approaches to implementing the standard in a more 
managed and staged way allowing for the development of technology clusters in specific 
areas. 
Except on a marginal basis, the Passivhaus standard is not however currently supported by 
indigenous political policy and legislation in the UK. Taking this into consideration, it is 
unlikely, with the exception of a minority of projects, that it will be developed and used by 
mainstream designers, developers and contractors as the basis to meet either of the original 
UK ‘zero carbon’ targets outlined in 2006 for ‘zero carbon’ dwellings in 2016 or non-
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domestic buildings in 2019.  In conjunction to this there is some doubt as to the potential 
for current UK construction industry culture to consistently deliver the UK policy 
requirements for ‘zero carbon’ buildings, especially when considering that there is some 
continued debate about the definition of the term ‘zero carbon’ and/or proven and 
consistent methods for delivery. This is combined with research findings that currently show 
inconsistencies in many of the design, management and quality control mechanisms 
surrounding the delivery of low energy and CSH buildings. There is however great potential 
for the construction industry to learn how to deliver Passivhaus and very low energy 
buildings  as long as clients, designers, contractors and occupants have the desire to do this.  
This process would however probably best be supported by government with consistent and 
strategic delivery plans. 
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Opportunities 
 
Despite the fact that there are currently many barriers inhibiting the uptake of the 
Passivhaus standard in the UK, there may also be many opportunities. The following is a list 
of some suggested measures that if put in place, could potentially help to stimulate the 
development of the Passivhaus standard in the UK, thus helping to take it beyond the 
innovator stage, through to early adopter uptake and eventual mass market adoption. This 
list is not conclusive. 
 The development of a strategic plan to communicate the Passivhaus standard to 
cross-industry sectors and stakeholders: According to Moore in ‘Crossing the Chasm’ 
(Moore, 2007) new innovations are best marketed beyond the early innovation stage 
and to the mainstream through the targeting of a specific market group or niche 
using the strategic processes of ‘Whole Product Planning’ (Moore, 2007) this also 
links to the findings of Rogers in the ‘Diffusion of Innovation’ when he describes the 
need for an understanding of the wider social and communications contexts 
surrounding the development of an innovation together, with the support of 
technical development and relevant affiliated industries, inclusive of training, 
education and product support, if a product is to be a success. 
 
 Since Passivhaus is a tried and tested standard, allow those who wish to build 
accredited Passivhaus buildings in the UK to be exempt from compliance with 
Building Regulations Parts L and F and the energy design parameters of BREEAM and 
the CSH: as appropriate: The fabric performance criteria for the Passivhaus standard 
exceed the requirements of UK Building Regulations part L 2010/13 and are more 
consistent than the requirements for CSH level 6 or the highest levels of BREEAM 
performance, therefore current UK ‘zero carbon’ parameters. The Passivhaus 
standard also requires lower levels of ventilation in comparison to current UK 
Building Regulations part F. These ventilation levels correspond to requirements that 
allow for the efficient functioning of MVHR which is a prerequisite of the Passivhaus 
standard to be met. Considering the fact that the Passivhaus standard has been 
developed through testing over the past twenty years and has shown consistent high 
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levels of performance in energy efficiency, it should not be necessary for those 
building to this standard to comply with less onerous regulations such as the CSH or 
Part L since this will add unnecessary extra cost and complexity to developments. 
However given the results of recent research undertaken in the Netherlands into the 
installation and use of mechanical ventilation, particular focus may need to be 
applied to addressing the complexities surrounding the design, installation and use 
of this technology. 
 Allow those building to the accredited Passivhaus standard in the UK to be viewed 
positively from a planning perspective: The results of the Q-analysis and a quotation 
from at least one of the respondents appears to show that the Passivhaus standard 
is currently not well understood by planners in the UK, thus planners do not 
necessarily currently look favourably on Passivhaus projects or easily grant them 
planning permission. This could potentially result in problems of delivery and incur 
extra costs for Passivhaus projects seeking planning. Planning support of Passivhaus 
developments would also enable more Passivhaus buildings to be constructed 
together with the associated development of construction and designs skills and 
supply chains. 
 Provide financial incentives such as low interest loans offered by the kfW Bank in 
Germany to those building to accredited Passivhaus standard in the UK: Usually there 
are additional costs associated with building to the Passivhaus standard. This is still 
the case in Germany where the Passivhaus standard has been part of building design 
standards during the past twenty years. The provision of low interest financial 
incentives could therefore help those to build to the Passivhaus standard especially if 
they are not able to afford the extra associated costs. 
 Provide financial incentives such as low interest loans offered by the kfW Bank in 
Germany to those developing Passivhaus accredited products, education and supply 
chains: If the Passivhaus standard is to be widely understood and cost effective in 
the UK then skills training and the development of Passivhaus products needs to be 
financially supported. There are additional costs associated with their development 
which may not be able to be supported by industry without financial incentives 
especially at the initial stages of development. Support for new ‘green’ industry in 
this area may also have the potential to stimulate the wider economy. 
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 The development of greater knowledge transfer links for building design and 
construction between Germany and other EU countries and the UK: Germany, Austria 
and many other EU countries have more experience of building to the Passivhaus 
standard than the UK, it would therefore make sense to learn from their experience 
by increasing knowledge transfer from countries and organisations that have already 
gained experience, rather than learning everything new and potentially repeating 
mistakes. 
 Allow for co-evolutionary strategies to play a greater part in the development of 
building design legislation and the Passivhaus standard in the UK: Some of the 
earliest Passivhaus projects in Germany, inclusive of those used as case study 
examples in this thesis, have employed co-evolutionary strategies for their success. 
This has meant that they have used social development techniques alongside 
technologies, allowing people (inhabitants and building designers/contractors) to 
work together with new innovation to help ensure it is understood and correctly 
implemented. This has allowed building occupants/designers to gain a greater 
understanding of their new developments than is normally the case. This creates 
occupant buy-in and trust, together with an understanding of technologies that can 
potentially help to prevent costly failures. Co-evolutionary strategies should also 
extend to the teaching of Passivhaus design principles to designers and contractors 
but also public awareness training. 
 Future development of building legislation and standards should take greater 
account of monitoring, POE testing and expert evidence to support its development: 
Without feedback in relation to building performance it is difficult for designers, 
clients and occupants to learn from positive and negative aspects of a design. The 
early Passivhaus developments at Kranichstein and the CEPHEUS programme 
successfully used extensive monitoring and POE as part of the processes involved in 
the development of the Passivhaus standard and the PHPP software. This testing has 
arguably produced a robust design standard that if implemented correctly has the 
capacity to consistently provide low energy buildings.  The same degree of testing 
and monitoring was not carried out prior to the launch of the CSH to the UK 
mainstream construction industry.  
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Limitations of Research 
 
This research provides a ‘snap-shot’ of the opinions from an early pioneer group of 
Passivhaus innovators in the UK together with the findings from three early Passivhaus 
developments in the UK and two in Germany, as such the scope of this research is limited. 
This ‘snap-shot’ approach does however have the capacity to offer some potential insights 
into the understanding of the respondent group. The findings from the case studies could 
also help to provide indications for future areas of study and themes that may be relevant 
to the mainstream construction industry when considering the development of the 
Passivhaus standard.  Snap-shots can however, as argued by Malcolm Gladwell in his book 
‘Blink: The Power of thinking without thinking,’ (Gladwell, 2006) be of great value since they 
can allow for subjective impressions, which contain a large amount of information stored in 
the subconscious to be incorporated into a ‘thin slice’ or map/pattern of a subject area. The 
use of Q-methodology has allowed for a similar type of ‘thin slice’ approach which has been 
integrated into this research, but using the opinions from a group. 
Further key limitations to this research are that it largely only reflects the opinions of the 
respondent group involved and the findings from individual case studies. It does not 
therefore reflect opinion or findings from the wider construction/consulting industry or 
those building Passivhaus developments in the UK since this research was undertaken. The 
research methods by nature confine this research to a review of opinions from a small group 
and a small, but significant, number of case study examples conducted during the time-scale 
of this research.  
The research may however work as an indicator to outline some of the main barriers and 
opportunities surrounding the early development of the Passivhaus standard in the UK. It 
may also help to suggest potential themes and areas of relevant consideration for extended 
or further study with these potentially employing different or larger appropriate groups of 
respondents and case studies. 
Other limitations lie in the ‘snap-shot’ nature of the research which captures opinion and 
context from only a particular point in time. Since conditions, context and opinion are liable 
to change, so might the results of a similar piece of research conducted at another time. It 
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must however be noted here that the ‘opinion’ correlates well with findings from the case 
studies. 
The use of Q-methodology and analysis also has limitations in that results are influenced by 
the mood and opinions of respondents attending focus groups at that moment in time, 
together with the mood of respondents undertaking the Q-tests. The Feminist nature of this 
research has meant that on occasion, focus group research has also included for the 
opinions of the researcher who forms part of the group of early Passivhaus innovators in the 
UK, as has the interpretation of the results. 
It is likely that if focus groups and Q-tests had been undertaken at different times during this 
research then there may have been a slight variation in the outcome to the results. This is 
however partly compensated for through the use of more than one focus group and the use 
of literature to form the basis of the Q-concourse and the mixed methods approach to 
research which allows results to be cross-referenced / triangulated. 
The stakeholder group represented in this research was also limited by those who were 
available and willing to participate.  The respondents did however make up a large 
proportion of those involved in Passivhaus design and innovation in the UK at the time of 
research. Since the start of this research the number of people involved with Passivhaus 
design and innovation in the UK has however grown. If this research were to be completed 
now or in the near future it may be useful and necessary to extend the boundaries of the 
community involved. 
The case studies are in part limited by their individual nature and no specific POE studies 
were carried out with occupants of the UK case study buildings in the same way that were 
conducted with the German Case Studies. It may therefore be useful in future research to 
conduct similar studies with UK Passivhaus occupants.  The German POE case studies were 
also limited by the number of occupants who could be interviewed and the short time-
frame in which they were conducted. It may also be useful to extend this study to more of 
the occupants of these dwellings and to additional buildings in Germany and elsewhere in 
the EU, but also to include information gathered from energy metering and monitoring to 
compare this with occupant feedback. 
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In addition to this it may be useful to compile an extended study of further new and 
refurbishment Passivhaus buildings in the UK to gain further data and understanding as to 
their construction, viability and performance, but also to look at the use of different type of 
materials for Passivhaus construction and potentially also ventilation strategies. 
Overall this research acts to provide a narrow but in-depth view of a specific subject, taking 
into consideration the time parameters surrounding the research and its limitations.  
  
285 
 
Further Research 
 
Given the nature of this research which offers a ‘snap-shot’ view of the opinions of early 
Passivhaus adopters and findings from early Passivhaus case studies in the UK, the findings 
and conclusions provide some answers in themselves but also start to pose questions for 
further research. Suggestions for future research are listed below according to theme.  
All themes could be covered in simultaneous research since all are intrinsically linked and 
relevant to the understanding of and the dissemination of the Passivhaus standard in the 
UK. Research could result in the production of communication information about the 
Passivhaus standard including translation of existing German research and the production of 
educational films together with overall education, training and skills reviews.  It could also 
include comparisons between UK and German political policy supporting the development 
of Passivhaus. This additional research could also support key findings from this thesis 
research which suggest a lack of communication about the standard and education and skills 
gaps supporting Passivhaus in the UK, but also UK political systems that do not currently or 
coherently promote development of the standard well. 
Translation  
 Translate all key Passivhaus literature into English: Currently the majority of the 
research literature surrounding the Passivhaus standard only exists in German a 
greater understanding of the standard could be increased through the translation of 
this material into English. 
Communication 
 The production of a series of OU (Open University), or similar documentary films 
about Passivhaus case studies: Film documentaries could have the capacity to 
introduce the concept of Passivhaus to a wider audience outside of construction and 
construction design thus helping to improve communication about the standard to 
the general public/main stream customers who do not currently form part of the UK 
Passivhaus community. 
 The production of a series of training films - how to design, build and live in a 
Passivhaus: Film has the potential to be a very democratic method for quickly 
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conveying consistent information to large numbers of people. Film could be used as 
a medium to demonstrate skills and techniques to designers and contractors without 
them having to directly observe processes on site, which is not always a possibility, 
especially if processes are happening in different geographic regions or countries.  
Film also has the potential to be used as a manual to show people how to operate 
and maintain a building or components in a building. 
 The development of better construction trade and educational links with Germany 
and other EU countries: This research starts to show higher levels of construction 
skills training in Germany couple with a greater number of Passivhaus developments. 
If the standard is to progress in the UK, it may be useful to learn from Germany and 
other EU countries where the standard is more advanced to increase knowledge and 
understanding. In the Case of the Larch House at Ebbw Vale, Bere Architects 
successfully employed German manufacturers to demonstrate how to install a 
Passivhaus window. 
 
Political and Dissemination Process  
 A review of the policy processes and outcome for the delivery of Passivhaus 
buildings in Frankfurt – what can the UK learn from this?: The UK works with a 
different policy framework and legislation in relation to building design than 
Germany or other EU countries. To date German speaking countries have been more 
successful in the delivery of Passivhaus buildings than the UK, it would therefore be 
useful to understand what differences in policy surround the development of the 
Passivhaus standard in Germany in comparison to the UK. 
 The development of a dissemination strategy for Passivhaus in the UK. 
Skills, training and Education 
 A review of architecture and engineering training in the UK and its capacity to deliver 
Passivhaus and ‘zero carbon’ buildings: Findings from this research indicate that it 
has been a small group of pioneers and not the main stream construction industry 
that has been responsible for the delivery of the earliest accredited Passivhaus 
buildings in the UK. If this standard is be employed by main stream industry it would 
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be appropriate to check the capacity of the training of key consultants, such as 
architects and engineers to deliver it. 
 A review of the mechanisms to support the development of construction skills to 
enable the delivery of high performance building fabric: High performance building 
fabric is vital for the delivery of buildings to the Passivhaus standard.  
 A review of PHPP and PHPP users in the UK and Germany: PHPP is not a standard 
building design software in the UK and it uses different metrics to those commonly 
used for building design in the UK. This may make it more difficult for some UK 
designers to use, in conjunction to this at least one respondent from those 
interviewed felt that it was actually quite complex to use. A review of how the 
software is used and understood in both the UK and Germany could potentially help 
improve or develop it to make it more ‘user’ friendly, therefore better enabling the 
design of Passivhaus buildings in the UK. 
 A review of UK skills training and its capacity to deliver Passivhaus and ‘zero carbon’ 
building design: The UK Passivhaus case studies demonstrated that it is possible for 
UK architects, engineers and contractors to build to the Passivhaus standard in these 
particular cases. However evidence from the BRE Innovation Park and other low 
energy building design projects in the UK have recently demonstrated that lack of 
construction skills seems to be an issue when trying to deliver more air-tight 
buildings. If the Passivhaus standard in the UK is to be successful it is arguable that it 
is in large part reliant upon the skills of those constructing the buildings. The issue of 
skills is also highlighted as a potential barrier to the uptake of Passivhaus design in 
the UK by the IEE (IEE, 2006) and the research of Linda Clarke and George Herrmann 
(Clarke and Herrmann, 2007) highlights lower levels of construction skills training in 
the UK than in Germany. 
 A review of UK mechanisms supporting MVHR design and installation training: 
Installation of and use of MVHR systems and availability of very efficient MVHR units 
suitable for use in Passivhaus buildings appear to be potential barriers to the uptake 
of the Passivhaus standard in the UK. This is demonstrated by the UK and German 
case studies and also the results of the Q-methodology analysis.  
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Procurement and Supply Chain 
 A review of UK construction procurement processes in relation to delivery of 
Passivhaus and ‘zero carbon’ buildings: Despite the fact that the UK case studies 
used for this research were delivered using UK procurement methods, these case 
studies are small and do not necessarily reflect the typical methods by which mass 
market buildings are delivered. It may therefore be useful to test the delivery of the 
Passivhaus standard against procurement methods such as ‘Design and Build’ which 
are commonly used for larger scale developments. 
 A review of UK supply chains capacity to deliver Passivhaus and ‘zero carbon’ 
building design: The lack of specific Passivhaus components such as windows, 
efficient MVHR systems and other items appear to a key barrier to the uptake of the 
Passivhaus standard in the UK. A review of supply chains and their potential to 
deliver Passivhaus products may help to understand gaps in the market. 
 A review of the capacity for new MMC technologies and building control systems to 
deliver Passivhaus buildings in the UK. 
 A review of the capacity for low impact construction materials and alternative 
ventilation strategies to deliver the Passivhaus standard. 
 A review into the potential to deliver Passivhaus co-operative/co-housing in UK 
cities: The German Passivhaus case studies used in this research were both delivered 
as co-operative/co-housing developments and appear to owe much of their success 
to this fact. This type of model for delivery of housing is less common in the UK but 
may offer a viable approach to the delivery of sustainable, low energy housing in the 
UK. 
Extended Case Study Research  
 Research into and collation of further UK Passivhaus case studies inclusive of 
refurbishment projects: The example Passivhaus case studies used for this research 
include some of the earliest examples of accredited Passivhaus buildings in the UK, 
further research would benefit from the review of more UK case studies to gain a 
greater understanding of issues presented in their design and construction.  
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Extension of Q-methodology Research 
 
 Repeat the Q-process with relevant UK Passivhaus stakeholders after 2012: Since the 
start of this research the number of protagonists involved in the development of 
Passivhaus building design and consultancy has increased. Q-methodology analysis 
undertaken with respondents from this larger group could offer a more balanced 
selection of professions involved together with their opinions. For example 
consultants such as quantity surveyors but also Passivhaus residents could be 
included. 
 Repeat a similar Q-process with residents of German and other EU Passivhaus 
developments, thus gaining a broader spectrum of opinion surrounding the issues 
that may surround living in and procuring a Passivhaus development. 
 Update PQ software: Currently PQ software exists in DOS format it may be useful 
and appropriate to upgrade this to a more user friendly platform to allow greater 
and easier use. 
 
Development of POE Research  
 The development of an EU POE conference: The EU wide CEPHEUS programme was 
vital to the development of the Passivhaus standard and has set the precedent for 
the continued POE assessment of many Passivhaus building in Europe. Currently no 
specific POE conference exists in the UK. A POE conference could increase 
communication between those designing low energy and Passivhaus buildings and  
 A national POE database from occupants of UK Passivhaus projects: The production 
of a UK Passivhaus POE database would provide material for research and greater 
understanding of performance of Passivhaus buildings in the UK. 
 Promote the value of POE and increase understanding of building performance. 
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Postscript 
Since undertaking this initial research the number of Passivhaus developments and size of 
the Passivhaus community in the UK has continued to grow. This has led to an improved 
skills and knowledge base surrounding the standard.  
However the standard and its dissemination still sit at the early innovator stages of 
development and the periphery of mainstream construction. Without strategic political and 
educational support, the standard may remain at this level or take many years to reach 
similar levels of adoption as in Germany or other EU countries which are now moving into 
and beyond early adopter phases of development. These countries may be looking to 
capitalise on this development and export an entire industry to the UK, political will 
allowing. 
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Glossary 
 
AECB – The Sustainable Building Association 
ASHRAE - The American Society of Heating, Refrigerating and Air-Conditioning Engineers 
BBC – British Broadcasting Corporation 
BEMS – Building Energy Management System 
BGCBC – Blaenau Gwent County Borough Council 
BPEP – Building Performance Evaluation Programme 
BRE – Building Research Establishment 
BREEAM – Building Research Establishment Environmental Assessment Method 
BSRIA – Building Services Research and Information Association 
CAT – Centre for Alternative Technology 
CEPHEUS – Cost Efficient Passive Houses as European Standard 
CIBSE – Chartered Institute of Building Services Engineers 
CO2 – Carbon Dioxide 
CHP – Combined Heat and Power 
CSH – Code for Sustainable Homes 
DER – Designed Emissions Rate 
DCLG (CLG) – Department of Communities and Local Government 
EBÖK – Ingenieurbüro für Ökologische Konzepte 
EnEV - Energieeinsparverordnung 
EnerPhit – Energy Standard for Passivhaus Refurbishment 
EPBD – Energy Performance of Buildings Directive 
ERDA – US Energy and Research Administration 
EU – European Union 
GHA – Good Homes Alliance 
GLS – Gemeinschaftsbank für Leihen und Schenken 
HMWT – Hessischen Ministerium für Wirtschaft und Technik 
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IEE – Intelligent Energy Europe 
IWU – Institut für Wohnung und Umwelt 
KfW - Kreditanstalt für Wiederaufbau 
kWh – Kilowatt –hour 
LA – Local Authority 
MMC – Modern Methods of Construction 
MVHR – Mechanical Ventilation with Heat Recovery 
OU – The Open University 
PCC – Powys County Council 
PHI – Passivhaus Institut 
PHPP – Passivhaus Planning Package 
PHT – Passivhaus Trust 
POE – Post Occupancy Evaluation 
QA – Quality Assurance 
RAE – Royal Academy of Engineering 
RIBA – Royal Institute of British Architects 
R+D – Research and Development 
SAP – Standard Assessment Procedure 
SBEM – Simplified Building Energy Model 
SHC – Small Homes Council 
TAS – EDSL software for building energy modelling 
TER – Target Emissions Rate 
TSB – Technology Strategy Board 
UCL – University College London 
WAG – Welsh Assembly Government 
ZCH – The Zero Carbon Hub 
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